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- - £4$) A  constant  deck  elevation  with  respect  to  berthed 

ships  which  results  In  decreased  need  to  tend  utility  and  Moor¬ 
ing  lines. 

00  A  full  Interior  deck  which  doubles  the  available 
length  of  sMp-to-pler  Interface. 

A  clear  top  deck  with  all  utility  lines  located 
under  the  deck  and  accessible  from  the  lower  Interior  deck. 

A  modem  cell -type  fender  system. 

In  addition,  the  floating  pier  has  significant  Merit  trtien  used 
to  replace  an  existing  deteriorated  pier.  The  floating  pier 
can  be  constructed  In  modules  offsite  while  the  old  pier  Is 
demolished,  the  modules  then  floated  Into  position,  and  the 
construction  completed  at  the  original  pier  site.  Using  the 
floating  pier  approach,  the  Navy  would  have  an  operational  pier 
at  least  12  months  sooner  than  would  be  the  case  with  a  fixed 
pier.  The  Initial  cost  for  a  floating  pier  has  been  estimated 
to  be  about  lit  higher  than  that  for  a  comparable  pile  supports 
pier.  — - 
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1.  INTRODUCTION 


This  Report  was  prepared  in  fulfillment  of  Navy  Contract  No.  N62474-81-C- 
9404  for  Engineering  Services  for  Navy  Pier  Design  Concepts.  The  scope  of 
the  contract  included  the  consideration  of  new  and  innovative  design  concepts 
for  Navy  piers  and  pier  components  that  meet  the  needs  of  specific  Navy 
ships.  Primary  effort  was  centered  on  designing  a  pier  that  will  better  serve 
Navy  ships  by  improving  berthing  and  refit  functions. 

Architect-engineer  firms  typically  design  Navy  piers  according  to  Navy 
standards.  This  procedure  is  followed  to  assure  that  the  appropriate  facilities 
are  provided.  However,  the  practice  also  discourages  consideration  of 
innovative  design.  This  contract  permitted  the  contractor  freedom  to  pursue 
new  design  ideas,  and  therefore,  represented  a  departure  from  normal 
practice.  This  freedom  was  nevertheless  constrained  by  practicality.  The 
results  of  this  report  should  be  applicable  to  final  pier  designs  in  the  near-time 
frame  starting  in  1984. 

The  design  concepts  were  to  be  generic,  i.e.,  applicable  in  various  harbor 
locations.  Since  the  timing  for  the  contract  had  coincided  with  the  pluming 
for  a  new  pier  at  the  Charleston  Naval  Base,  the  contract  specified  that  the 
Charleston  site  be  used  to  provide  site  data.  Although  some  of  the  new  ideas 
developed  diving  this  study  could  have  possible  application  to  the  new 
Charleston  pier,  it  was  considered  of  greater  value  to  direct  this  report  to 
the  generic  features  of  the  conceptual  pier  rather  than  to  a  site-specific  pier 
design. 

The  new  ideas  that  have  been  developed  herein  are  presented  on  many  levels, 
some  detailed  and  some  conceptual.  The  main  new  concept  relates  to  a 
floating  pier  structural  system.  A  preliminary  design  was  developed  to 
establish  the  feasibility  of  this  concept  for  extreme  loading  conditions.  For 
this  purpose,  the  pier  design  was  carried  out  far  enough  under  the  given 
conditions  to  demonstrate  feasibility  and  practicality  of  the  design.  The 
preliminary  design  was  sufficiently  detailed  to  obtain  accurate  material 
quantity  take-offs  for  estimating  costs.  Other  new  ideas  that  related  to  the 
anchoring  systems,  fendering  system,  utility  systems,  and  construction  me¬ 
thods  were  presented  in  a  leu  detailed  manner,  but  to  the  degree  where 
feasibility  was  apparent.  Theee  ideas  are  preaentad  with  their  rationale  and 
supporting  information. 


2.  OVERVIEW  OF  DESIGN  CONCEPT 

A  floating  pier  having  two  decks,  as  shown  in  Figure  1,  was  conceived  as  the 
appropriate  structure  to  serve  combatant  ships  in  a  manner  that  is  in  many 
ways  superior  to  that  of  fixed  piers.  The  classes  of  ships  to  be  berthed  at  the 
pier  are  listed  in  Table  1.  The  pontoon  segment  of  the  pier  was  sized  at  75 
ft.  wide  by  18  ft.  deep  in  cross-section  and  fabricated  of  prestressed  concrete. 
Double-wall  construction  was  used  for  safety  against  collision  damage,  and 
three  buoyancy  cells  across  the  section  were  provided  for  damage  stability. 
Longitudinally,  bulkhead  walls  were  located  every  40  ft.  The  overall  length 
of  the  pier  structure  was  1200  ft.  with  a  50  ft.  gap  between  the  pier  and  shore, 
which  was  spanned  by  ramps.  The  pier  was  designed  to  be  constructed  as  two 
600-ft.  long  units.  This  length  permitted  off-site  construction  and  subsequent 
tow  to  the  final  site.  The  two  units  would  be  joined  rigidly  by  post-tensioning 
techniques  and  installed  on-site  by  driving  vertical  piles  through  wet  wells 
located  down  the  centerline  of  the  pier.  The  piles  anchor  the  pier  from 
horizontal  movement  resulting  from  berthing  loads  and  extreme  environmental 
loads  of  a  combined  90  mph  wind  and  6  knot  current.  The  pier  is  free  to  move 
vertically  with  tidal  variations. 

The  roof  of  the  pontoon  section  functions  as  the  lower  deck  and  has  a 
freeboard  of  5  ft.  This  deck  provides  space  for  small  vehicle  traffic,  parking, 
general  storage  of  equipment  and  material,  and  utility  service  equipment  such 
as  transformers,  pipelines,  trash  containers,  and  salt  water  pumps. 

The  main  deck  was  65  ft.  wide  and  located  20  ft.  above  waterline.  This  deck 
provides  space  for  operation  of  large  equipment,  such  as  truck  cranes  of  up 
to  90-ton  capacity,  semi-trailer  trucks,  and  delivery  trucks.  The  functions 
performed  on  the  main  decks  are  cargo  handling  and  refit  operations  The 
main  deck  was  designed  to  handle  concentrated  loads  from  crane  outriggers 
without  cribbing.  It  also  was  designed  to  be  dear  of  most  obstacles;  however, 
electrical  service  mounds  were  located  on  the  main  deck  for  operational 
reasons. 

Utility  services  to  completely  support  berthed  ships  were  provided  by 
electrical  and  pipeline  outlets  spaced  according  to  the  needs  of  the  ships.  The 
utility  pipes  were  hung  under  the  main  deck  with  clear  access  for  maintenance 
from  the  lower  deck.  Outlets  tee  from  the  main  pipes  to  a  service  walkway 
located  6  feet  down  from  the  main  deck  along  the  pier  side.  Hoses,  stored 
on  the  walkway,  would  be  connected  to  the  outlets  and  fed  to  the  ships 
without  cluttering  the  main  deck,  except  for  the  electrical  cables. 

Wooden  fender  piles  and  log  camels  have  been  eliminated.  Modem  cell 
fenders  of  the  buckling  cylinder  type  were  selected. 

A  novel  construction  method  was  developed  which  provides  versatility  in 
constructing  floating  piers  at  any  harbor  location.  The  method  uses  a  floating 
form;  hence,  land-based  construction  sites  are  not  required. 
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3.  ADVANTAGES 


DgADVAMTAGBS 


3.1  Advantages 

Both  the  Naval  fleet  and  shore  establishment  benefit  from  the  floating 

pier  concept.  The  following  advantages  itemize  several  of  the  benefits 

which  are  unattainable  by  conventional,  fixed  pier  structures. 

3.1.1  Save  Downtime  of  Piers  Being  Replaced 

The  Navy  not  only  builds  new  piers,  but  also  replaces  old  piers, 
many  of  which  were  built  40  years  ago  during  WW  n.  Replacing 
piers  can  be  more  costly  and  time  consuming  than  building  new 
piers  and,  from  a  fleet  support  standpoint,  is  less  desirable 
because  an  operational  pier  has  to  be  taken  out  of  service.  The 
downtime  for  the  operational  pier  is  on  the  order  of  18  months 
because  additional  time  to  the  schedule  is  needed  for  the  old  pier 
to  be  removed  before  the  new  pier  can  be  built.  Replacing  the 
old  pier  with  a  floating  pier  can  reduce  the  downtime  by  some 
12  months.  The  reason  for  the  time  savings  is  that  the  floating 
pier  can  be  built  at  an  off-site  location  prior  to  demolition  of 
the  old  pier.  Only  after  the  floating  pier  has  been  built, 
including  outfitting  with  utility  systems,  is  the  old  pier  de¬ 
molished.  The  new  pier  is  towed  to  the  site,  probably  as  two 
units,  and  the  units  are  joined  together.  The  pier  is  anchored 
and  the  utility  systems  connected  to  land.  These  operations  can 
be  accomplished  within  a  6  month  period.  The  shore  establish¬ 
ment  gains  from  the  short  down-time  for  the  pier  replacement, 
and  the  fleet  gains  from  improved  readiness. 

3.1.2  Advantages  of  Offsite  Construction 

The  shore  facility  benefits  from  the  off-site  construction  of  the 
pier  because  major  construction  operations  are  conducted  away 
from  the  base.  Congestion  is  reduced.  A  typical  Naval  base  is 
not  a  convenient  location  to  build  a  pier  because  of  lack  of  space 
for  shore  staging  areas  and  because  of  base  security  restrictions 
on  traffic  flow  for  workers  and  material  delivery. 

Several  construction  methods  are  available  to  build  floating 
piers,  thus  competitive  bidding  is  promoted.  Conventional  con¬ 
struction  methods  for  fixed  piers  provide  limited  alternatives. 
For  floating  piers  the  construction  methods  of  using  a  dry  dock, 
launching  way,  flood  basin  or  construction  barge  can  be  used. 
Also,  a  novel  construction  method  has  been  conceived,  which 
permits  the  pier  to  be  built  in  a  floating  mode.  This 
construction  approach  uses  a  floating  form  which  allows  for 
incremental  casting  of  40-ft.  long  segments  of  the  pier.  Pier 
units  of  various  lengths  can  be  cast,  for  example  400  or  000  ft. 
long  or,  if  appropriate,  even  a  continuous  1200-ft.  long  unit  can 
be  cast.  This  single  unit  would  probably  be  built  at  the  final 


construction  site,  where  towing  would  not  be  required.  Once  the 
floating  form  has  been  built,  it  is  available  for  subsequent 
construction  projects  and  it  can  be  towed  to  other  harbor  sites 
which  do  not  have  existing  flood  basins  or  dry  dock  facilities. 

3.1.3  The  Advantages  As  Navy  Piers 

The  floating  pier  provides  a  structure  well  suited  to  the  berthing 
and  servicing  needs  of  combatant  ships.  Thus: 

(a)  The  pier  structure  rides  the  tide  along  with  the  berthed 
ship.  This  means  the  mooring  lines,  brows,  hoses,  and 
electrical  cables  connecting  the  pier  with  the  ship  will 
vary  little  in  suspended  length.  Pinching  of  hoses  or 
cables  between  the  ship  and  pier  should  not  occur. 
Mooring  lines  can  be  taut  and  do  not  need  to  be  tended  as 
the  tide  changes. 

(b)  The  floating  pier  is  a  natural  structure  for  having  two 
deck  elevations.  The  roof  of  the  pontoon  section  is 
located  near  the  waterline  and  forms  a  natural  lower 
working  deck.  An  elevated  main  deck  can  be  built  to 
match  ship  deck  elevations.  Pier  functions  can  be 
separated  between  the  lower  and  the  main  decks;  hence, 
a  relatively  narrow  pier  can  provide  a  large,  usable  deck 
area.  In  addition,  the  most  valuable  deck  space  is  along 
the  perimeter  of  the  pier  next  to  the  ship.  A  two-deck 
arrangement  has  twice  the  perimeter  space  of  a  single 
deck  pier;  this  is  a  highly  significant  feature.  To 
illustrate,  a  two-deck  pier  of  65-ft.  width  may  have  far 
greater  servicing  capability  than  a  single  deck  pier  of  130- 
ft.  width. 

(c)  Utility  pipelines  can  be  located  under  the  main  deck.  Full 
access  to  the  pipelines  is  provided  from  the  lower  deck. 
Considerable  space  is  available  for  expansion  of  the  utility 
systems. 

(d)  A  modern  cell  type  fender  system  can  be  used.  The 
fender  system  can  be  designed  to  contact  the  ship  hull  at 
the  waterline  because  the  pier  and  ships  move  together 
with  the  tide.  The  system  can  eliminate  the  typical 
wooden  pile  and  camel  fender  system,  which  is  a  high 
maintenance  item. 

(e)  By  eliminating  fender  piles  of  any  type,  accidental 
damage  to  some  ship  components,  such  as  propeller  and 
sonar  dome,  would  be  prevented.  The  floating  pier  uses 
guide  1*068  located  along  the  centerline  of  the  piers. 
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3.1.4  Adaptability  to  Different  Site  Conditions 

The  floating  pier  is  adaptable  to  various  site  conditions.  For  typical 
sites  where  tidal  variation,  water  depth,  and  soil  strength  are  within 
normal  range,  piles  can  be  driven  to  restrain  horizontal  movement 
of  the  pier.  For  those  sites  where  the  tidal  variation  or  water  depth 
is  large  or  where  soil  conditions  are  unsuitable  for  piling,  mooring 
chain  and  anchors  or  stake  piles  can  be  used  to  restrain  the  pier. 

3.1.5  Better  Earthquake  Resistance 

The  floating  pier  can  better  survive  a  major  earthquake  than  a  fixed 
pier.  If  the  floating  pier  is  anchored  on  location  by  mooring  chains, 
the  structure  is  de-coupled  from  ground  motion,  and  no  damage 
would  occur.  If  guide  piles  anchor  the  structure  against  horizontal 
forces,  major  ground  motion  could  buckle  the  piles.  However,  the 
pier  would  still  be  floating  and  operational.  The  damaged  piles  would 
provide  some  horizontal  restraint  until  auxilary  mooring  lines  could 
be  installed.  Earthquake  damage  may  not  incapacitate  a  floating 
pier,  as  it  could  a  pile-supported  pier. 

3.1.6  Water  as  Energy  Absorber 

A  floating  pier,  that  moves  horizontally  during  ship  impact,  uses  the 
water  environment  to  absorb  a  substantial  portion  of  the  ship 
berthing  energy.  Such  movement  displaces  large  volumes  of  water, 
which  dissipates  energy.  Displacement  of  water  from  between  the 
ship's  hull  and  the  underwater  portion  of  the  pier  also  absorbs 
energy. 

3.1.7  Mobility  of  Floating  Pier 

The  floating  pier  can  be  relocated  within  the  harbor  or  to  distant 
sites.  As  new  designs  of  Naval  vessels  evolve,  this  mobility  will 
enable  the  Naval  Base  to  respond  to  the  changing  requirements  of 
the  Fleet.  Present  fixed  piers  prohibit  this  flexibility,  therefore 
precluding  consideration  of  this  feature.  Once  this  capability  exists, 
obsolete  piers  at  prime  locations  can  be  moved  to  less  important 
sites,  allowing  new  modem  piers  to  be  installed  in  their  places. 
Relocation  of  piers  can  become  a  regular  feature  of  future  Navy 
ports. 

During  times  of  national  emergencies,  piers  may  be  required  to 
rapidly  upgrade  advance  bases.  The  response  time  of  relocating  an 
existing  pier  to  a  new  site  would  be  considerably  less  than  that  of 
building  a  new  pier  on  site. 

3.2  Disadvantages 

Disadvantages  exist  with  any  concept,  and  it  is  important  to  acknowledge 
and  consider  the  shortcomings  of  floating  piers  in  their  assessment.  The 
following  disadvantages  are  noted: 
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3.2.1.  Higher  Initial  Cost 


The  floating  pier  will  have  a  higher  initial  cost  than  that  of  a 
fixed  pier  for  the  following  reasons: 

(a)  Larger  quantities  of  material  are  required  to  fabricate  the 
pontoon  sections  which  support  the  main  deck  of  a 
floating  pier  than  are  required  to  support  the  deck  for  a 
fixed  pier. 

(b)  For  a  two-deck  pier,  as  proposed  herein,  more  deck  area 
may  be  provided  than  actually  required.  A  single  deck 
fixed  pier  may  meet  working  deck  area  requirements  at  a 
width  of  say  120  feet.  The  two  deck  concept  will  provide 
a  width  of  75  +  65  =  140  feet,  whether  required  or  not. 

(c)  Poor  quality  construction  work  will  have  more  severe 
consequences  for  the  floating  pier  than  that  of  the  fixed 
pier.  Additional  quality  control  procedures  and  inspection 
will  be  required  beyond  those  services  usually  specified. 

3.2.2  Require  More  Inspection 

During  the  floating  pier's  operational  life,  it  will  require  more 
inspection  than  a  fixed  pier.  The  buoyancy  chambers  will  require 
periodic  inspection  for  leakage,  and  the  anchoring  system  will 
require  cathodic  protection,  maintenance,  and  inspection. 

3.2.3.  Interface  Problem  Between  Pier  and  Shore 

The  pier-shore  interface  could  present  the  following  problems: 

(a)  Level-adjusting  ramps  will  be  required  to  span  the 
separation  between  shore  and  pier.  The  slopes  have  to  be 
kept  gentle,  say  below  1  to  10,  for  some  equipment. 

(b)  The  utility  pipes  must  span  the  interface  and  accom¬ 
modate  vertical  movement  from  tides  and  horizontal 
movement  from  jerking  forces  and  environmental  loads. 
Inspection  and  periodic  replacement  of  flexible  hose 
sections  for  the  utility  pipes  will  be  required. 

(c)  The  ramps  must  accommodate  horizontal  movement,  both 
laterally  and  longitudinally,  during  an  earthquake  or  ship 
collision. 

3.2.4  Pier  Movement 


The  floating  pier  moves  in  response  to  static  and  dynamic  loads. 
This  motion  is  likely  to  be  slow,  but  still  must  be  allowed  for  in 
all  operations  on  the  pier. 


Perceived  Disadvantages 

There  are  two  other  considerations  that  are  normally  perceived 
as  disadvantages,  but  in  actuality  are  not.  They  are: 

1.  The  floating  pier  is  vulnerable  to  accidental  sinking.  The  pier 
has  been  provided  with  a  great  deal  of  flotation  redundancy 
from  the  close  compartmentation  of  the  pontoon.  E.g.,  the 
flooding  of  any  two  adjacent  cells  will  result  in  the  loss  of 
freeboard  at  the  accident  location  of  about  1  foot.  The 
reserve  buoyancy  of  the  structure  is  tremendous  so  as  to 
make  the  probability  of  sinking  the  pier  very  small. 


2.  In  comparison  to  the  hundreds  of  piles  used  for  a  fixed  pier, 
the  guide  pile  anchoring  system  for  the  floating  pier  may 
appear  inadequate  to  restrain  the  structure.  Piling  for  the 
fixed  pier  has  to  support  all  the  design  vertical  and  horizontal 
loads,  while  the  guide  piles  for  the  floating  pier  only  resist 
the  horizontal  loads.  Horizontal  loads  on  a  floating  pier 
located  in  a  harbor  environment  are  adequately  resisted  by 
approximately  one-tenth  the  number  of  piles  required  for  a 
fixed  pier. 


4.  BELATED  STRUCTURES 


The  State  of  Washington  has  constructed  three  floating  bridges,  two  across 
Lake  Washington  and  one  across  Hood  Canal.  The  first  Lake  Washington 
Bridge  was  built  in  1940  of  reinforced  concrete,  and  has  a  length  of  about  1.6 
miles,  while  the  second  Lake  Washington  Bridge  (Figure  2)  was  built  in  1962 
of  prestressed  concrete  and  has  a  length  of  about  1.4  miles.  Both  bridges 
were  built  in  a  similar  manner  using  pontoon  sections  of  360  ft.  long,  60  ft. 
wide,  and  15  ft.  deep  (Figure  3).  The  exterior  wall  and  bottom  slab  thicknesses 
are  9  inches  and  the  interior  wall  thicknesses  are  6  inches.  The  pontoon 
sections  were  joined  together  rigidly  by  bolts  for  the  first  bridge  and  post¬ 
tensioning  rods  for  the  second  bridge.  Dead-weight  concrete  anchors  and 
mooring  chain  permanently  anchor  the  structures  on  location  in  water  depths 
to  220  ft.  The  level  of  Lake  Washington  fluctuates  a  maximum  of  three  feet. 

The  Hood  Canal  Floating  Bridge  was  built  in  1957,  and  has  a  total  length  of 
1.3  miles.  The  pontoon  sections  are  prestressed  concrete  and  have  dimensions 
of  360  ft.  long,  50  ft.  wide  and  18  ft.  deep  (Figure  4).  The  exterior  wall  and 
bottom  slab  thicknesses  are  9  inches  and  the  interior  walls  are  6  inches.  An 
elevated  roadway  of  28  ft.  wide  is  located  20  ft.  above  the  waterline. 

The  bridge  is  interrupted  at  mid-span  by  a  600-ft.  draw  span  to  permit  passage 
of  vessels  as  large  as  aircraft  carriers.  Because  of  the  break  at  midspan,  the 
bridge  can  be  viewed  as  two  finger  piers,  each  in  approximate  length  of  3000 
ft.,  extending  from  opposite  shores. 

The  bridge  is  permanently  moored  in  place  by  42  concrete-filled  dead  weight 
anchor  blocks  and  wire  rope.  The  environmental  conditions  at  the  site  are 
tidal  range  of  18  ft.,  tidal  current  velocity  of  3  knots,  maximum  wind  speed 
of  92  knots  and  wind  generated  waves  of  5  ft.  in  height  and  35  ft.  in  length. 
The  bridge  is  exposed  to  seawater. 

In  1979,  a  severe  100-year  storm  damaged  the  Hood  Canal  Bridge  and  caused 
a  major  section  to  sink.  The  failure  was  produced  by  a  combination  of 
dynamic  response,  movement  of  the  anchors  and  flooding  of  the  pontoons. 
Flooding  occurred  because  the  hatch  covers  were  not  tied  down. 

The  replacement  bridge  is  presently  under  construction.  Prestressed  concrete 
will  again  be  used.  The  pontoon  sections  are  wider  for  improved  dynamic 
response  behavior  and  have  dimensions  of  360  ft.  long,  60  ft.  wide  and  18  ft. 
deep  (Figure  5).  The  exterior  walls  and  bottom  slabs  are  10  inches  thick  and 
the  interior  walls  8  in.  The  prestress  level  in  the  concrete  is  on  the  order  of 
1400  psi.  The  concrete  is  being  manufactured  with  superplasticizers  and  a 
water  to  cement  ratio  of  0.33.  The  design  28  day  compressive  strength  is  6500 
psi.  Concrete  cover  to  reinforcing  steel  in  walls  exposed  to  seawater  is  2  in., 
and  to  post-tensioning  ducts  is  2.5  in.  All  reinforcing  steel  is  epoxy  coated. 

The  pontoons  are  being  built  in  a  flood  basin  which  has  sufficient  size  to 
accommodate  five  pontoons  at  one  time  (Figure  6).  Precast  concrete  elements 
are  used:  channel  shaped  exterior  walls  (Figure  7)  and  I-shaped  interior  walls 
(Figure  8).  The  top  and  bottom  slab  sections  are  cast-in-place  concrete.  The 


elevated  roadway  is  fabricated  after  the  pontoon  sections  are  removed  from 
the  flood  basin. 

Another  significant  floating  structure  is  presently  under  construction.  A 
floating  container  terminal  of  prestressed  concrete  is  being  built  for  the  Port 
of  Valdez,  Alaska  (Figure  9).  The  terminal  is  a  wharf  type  facility  of  size  766 
7t.  long,  lOO  ft.  wide  and  30  ft.  deep,  and  is  being  built  in  two  sections,  each 
350  feet  long.  Construction  is  in  a  dry  dock,  one  pontoon  section  at  a  time, 
in  Puget  Sound,  Washington.  The  sections  will  be  towed  to  Valdez,  Alaska; 
joined  together  rigidly  by  post-tensioning,  and  anchored  by  dead-weight 
anchors  and  mooring  chains.  Poor  soil  conditions  and  a  tidal  variation  of  22 
ft.  exist  at  the  site.  Once  installed,  the  terminal  will  carry  a  40-ton  container 
crane  to  unload  ships  of  up  to  650  ft.  in  length  and  50,000  tons  in 
displacement. 

The  pontoon  sections  are  compartmentalized  into  four  cells  across  the  width, 
each  25  ft.  wide  (Figure  10).  Bulkheads  are  spaced  at  80  ft.  The  exterior 
wall,  interior  wall  and  bottom  slab  thicknesses  are  12  in.,  and  the  level  of 
prestress  is  approximately  900  psi.  Normal-weight  concrete  of  28  day 
compression  strength  of  7000  psi  is  being  used.  A  water/cement  ratio  of  less 
than  or  equal  to  0.44  and  air-entrainment  of  3  to  5  percent  for  freeze/thaw 
resistance  is  being  used.  The  reinforcing  steel  is  not  epoxy  coated. 

Motion  studies  of  the  terminal  (Reference  1)  exposed  to  normal  (annual  return) 
waves  of  5  ft.  in  height  and  75  ft.  in  length  and  extreme  waves  of  10  ft.  in 
height  and  122  ft.  in  length  showed  the  structure  was  stable  for  both  cases. 
The  roll  period  was  calculated  at  6  seconds  and  the  resulting  roll  angle  a 
maximum  of  0.3  degrees.  Crane  operations  would  be  limited  to  normal  event 
sea  states  and  thus  permit  a  standard  container  crane  to  be  used. 

The  methods  of  joining  the  pontoon  sections  is  different  from  that  of  the 
floating  bridges.  The  floating  bridge  pontoons  were  joined  with  a  gap  of  only 
about  2  in.,  which  space  was  dewatered  and  filled  with  grout  prior  to  final 
post-tensioning.  The  terminal  pontoons  are  joined  with  a  gap  of  about  4  ft. 
so  that  men  can  work  in  the  space  to  dean  the  concrete  surfaces  and  connect 
post-tensioning  ducts.  Formwork  is  placed  to  cast  concrete  walls  prior  to 
final  post-tensioning. 

The  Navy  has  had  its  own  experiences  with  floating  concrete  structures.  In 
1943  the  Bureau  of  Yards  and  Docks  built  13  reinforced  concrete  floating 
repair  docks  each  of  280  ton  lift  capacity.  Bach  dock  was  390  ft.  long,  80 
ft.  wide  and  had  an  overall  height  of  40  ft.,  which  included  14  ft.  high  bottom 
pontoons  and  26  ft.  high  wing  walls.  Five  of  the  repair  docks  were  towed  to 
advance  bases  in  the  Pacific  Ocean.  Several  of  these  structures  are  still  in 
existence  and  on  loan  to  foreign  countries. 

In  the  early  1950's  the  Naval  Air  Command  had  a  program  to  develop 
seaplanes.  Offshore  floating  docks  of  precast,  prestressed  lightweight  concrete 
were  designed.  Plans  were  approved  for  stations  at  Honolulu,  Alameda,  and 
San  Diego,  but  a  floating  dock  was  built  only  at  Honolulu.  The  dock  structure 
was  about  500  feet  long  and  100  feet  wide  and  was  built  in  three  sections. 
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In  1977,  the  Navy  built  a  concrete  landing  dock  for  the  USS  Arizona  Memorial 
in  Pearl  Harbor.  The  dock  is  about  120  ft.  long  and  20  ft.  wide.  Cruise  ships 
of  about  100-ton  displacement  dock  and  unload  as  many  as  750,000  tourists 
yearly. 

Other  floating  concrete  structures  are  ocean-going  ships,  which  were  built 
during  the  two  world  wars.  During  WW  I,  the  U.S.  Shipping  Board  Emergency 
Fleet  Corporation  Program  built  12  concrete  ships.  The  ships  ranged  in  length 
from  260  to  434  ft.,  with  beams  from  43  to  54  ft.  and  depths  from  26  to  36 
ft.  The  hulls  were  of  reinforced  concrete  and  had  thicknesses  ranging  from 
four  to  six  inches.  The  average  compressive  strength  of  the  concrete  was 
4,000  psi  at  28  days.  Lightweight  concrete  from  crushed,  expanded  shale  was 
used  in  eleven  of  the  twelve  ships.  This  was.  the  first  use  of  a  manufactured 
lightweight  aggregate.  In  addition  to  the  concrete  ships,  a  total  of  32 
concrete  barges  were  built. 

During  WW  n  the  U.S.  Maritime  Commission  built  104  concrete  vessels. 
Twenty  four  of  the  vessels  were  self-propelled  dry  cargo  ships,  each  350  ft. 
long  by  54  ft.  wide  by  34  ft.  deep.  The  remainder  were  barges  which  were 
designed  for  towing.  They  ranged  from  265  to  366  ft.  in  length,  48  to  56  ft. 
in  width  and  18  to  38  ft.  in  depth.  The  concrete  in  all  these  vessels 
incorporated  lightweight  aggregate.  The  average  water  to  cement  ratio 
ranged  from  0.45  to  0.5  and  the  concrete  compressive  strength  at  28  days  was 
5000  psi.  Hull  wall  thickness  for  the  concrete  vessels  was  6.5  in. 

The  experience  gained  from  the  war  time  concrete  vessels  comprised  the 
background  knowledge  that  led  to  the  fabrication  of  the  floating  concrete 
bridges  in  the  State  of  Washington. 

There  have  been  other  recent  examples  of  commercial  development  of 
concrete  floating  vessels.  Of  interest  are  two  concrete  barge  structures.  The 
larger  was  a  liquid  petroleum  gas  terminal  for  permanent  mooring  in  the  Java 
Sea,  Indonesia.  This  structure  has  a  barge-shaped  hull  460  ft.  long  by  136  ft. 
wide  by  57  ft.  deep,  and  displaces  68,000  tons  when  fully  loaded.  The 
structure  was  fabricated  from  precast  concrete  elements  that  were  post- 
tensioned  together.  The  thickness  of  the  shell  elements  was  12  in.  A  single 
point  mooring  system  permanently  anchors  the  structure. 

In  1981,  a  smaller  concrete  barge  was  built  in  Singapore  and  towed  to  Mexico. 
The  barge  was  built  as  an  offshore  plant  that  would  process  dredged  material 
from  a  phosphate  deposit.  The  prestressed  concrete  hull  has  dimensions  of  260 
ft  long,  110  ft.  wide  and  24  ft.  deep.  A  new  design  feature  for  the  barge  was 
the  use  of  an  inferior  honeycombed  structural  system  made  up  of  circular 
walls,  instead  of  the  conventional  rectangular  bulkhead  walls.  The  design  life 
for  the  structure  is  80  years. 
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5.1  Site  Conditions 


5. 


The  site  conditions  at  the  Charleston  Naval  Base  are  unusual.  The  base 
is  located  on  a  convex  bend  in  the  Cooper  River.  The  river  flows  rapidly 
in  an  easterly  direction  along  the  north-ekle  of  the  bese,  then  south¬ 
easterly  around  the  bend.  Only  the  riverfront  on  the  north  side  is  used 
for  ship  berthing.  The  riverfront  on  the  east  side  is  separated  from  the 
navigation  channel  by  a  wide  stretch  of  shallow  shoaL 

The  new  proposed  pier  is  to  be  located  between  two  existing  piers.  Piers 
L  and  M.  Distance  between  the  piers  will  be  tighter  than  desired,  so  it 
was  important  that  the  width  of  the  new  pier  be  as  narrow  as  possible. 
The  tight  pier  spacing  coupled  with  strong  currents  in  the  river  will  make 
for  difficult  berthing  operations. 

Some  specific  site  conditions  are  as  follows: 

(a)  The  normal  tide  range  is  approximately  8  ft.  and  maximum  tide 
range  is  approximately  10  ft. 

(b)  The  average  normal  current  condition  in  the  channel  is  4  knots,  and 
the  storm  current  condition  about  6  knots. 

(c)  Storm  wind  direction  usually  starts  out  of  the  north  or  northwest, 
and  changes  direction  clockwise  to  come  out  of  the  southwest.  For 
major  storms  the  wind  can  come  from  the  south. 

(d)  Some  locations  along  the  waterfront  have  weak  soil  conditions.  A 
soft  marine  clay  overlies  a  marl  formation  at  about  50  ft.  below 
waterline.  Reportedly  certain  locations  along  the  coast  have  the 
marl  formation  at  greater  depths. 

(e)  Pier  length  is  limited  to  1,250  ft.  by  the  shipping  channel  right-of- 
way. 

5.2  Environmental  Loads 

The  extreme  environmental  loading  condition  at  Charleston,  S.C.,  is  from 
combined  wind  and  current.  For  this  preliminary  study,  hurricane  winds 
of  90  mph  were  assumed  to  act  concurrently  with  storm  currents  of  6 
knots.  The  current  profile  was  assumed  as  linear  from  6  knots  at  the  end 
of  the  pier  to  0  knots  at  the  shore.  It  was  also  assumed  that  the  8  knots 
existed  at  the  surface  and  reduced  linearly  to  0  knots  at  the  river  bottom 
of  45  ft.  depth.  This  current  profile  was  considered  more  severe  than 
would  be  encountered  at  the  site  because  of  existing  piers  J,  K,  and  L 
located  upstream  from  the  proposed  site.  The  piers  and  berthed  ships 
would  dissipate  some  of  the  current  forces. 


For  maximum  conditions,  the  hurricane  wind  and  storm  currents  were 
assumed  to  act  broadside  to  the  ships  and  pier.  The  worst  loading 
condition  would  be  encountered  when  berthed  ships  occupied  the  entire 
length  of  the  pier.  This  was  represented  by  berthing  a  Destroyer  Tender 
(AD)  and  Destroyer  (DD)  on  the  north  side,  which  essentially  covered  the 
full  length  of  the  pier.  On  the  south  side  of  the  pier,  the  berthing  of  two 
of  the  larger  combatant  ships,  either  Guided  Missile  Cruisers  (CG)  or 
Destroyers  (DD)  was  assumed.  Nested  ships  were  not  assumed  for  this 
loading  condition,  because  with  warnings  of  high  winds  the  nested  ships 
would  put  to  sea. 

The  design  prodecure  for  wind  loading  follows  that  of  NAVFAC's  Design 
Manual  DM  26.  The  second  ship  on  the  lee  side  of  the  pier  was  assumed 
to  take  50%  of  the  load  of  the  primary  ship.  The  resulting  forces  from 
wind  acting  broadside  to  the  ships  is  summarized  in  Figure  11.  The 
calculations  are  given  in  Appendix  A. 

The  wind  forces  acting  longitudinally  along  the  pier  were  calculated  to  be 
approximately  l/6th  that  of  the  lateral  wind  forces.  This  load  was  minor 
compared  to  that  of  the  lateral  load,  and  since  the  pier  is  also  much 
stronger  in  the  longitudinal  direction,  the  longitudinal  loading  effects 
were  not  considered  further  in  this  investigation. 

The  current  loads  were  estimated  by  initially  using  three  methods:  an 
approximation  method,  the  new  DM  26.6  method  which  is  presently  under 
NAVFAC  review  for  future  publication,  and  the  existing  DM  26  method. 
The  approximation  method  and  the  new  DM  26.6  method  produced  similar 
results,  whereas  the  existing  DM  26  produced  current  loads  on  the  order 
of  50%  lower  than  the  other  methods  (Appendix  A).  The  results  from  the 
new  DM  26.6  were  used  and  are  shown  in  Figure  12. 

Figure  13  shows  the  wind  and  current  loads  combined.  To  determine  the 
horizontal  load  on  each  pile  bent,  the  worst  loading  case  was  used,  i.e., 
locating  the  AD  on  the  far  end  of  the  pier.  The  resulting  horizontal  load 
on  the  pile  bents  was  125  kips  per  bent  (Appendix  A). 

Although  earthquake  loading  conditions  were  not  analyzed  in  this  report, 
available  information  indicated  that  as  a  rule  of  thumb  for  the  Charleston 
area,  the  combined  wind  and  current  loads  usually  exceeded  the  load  from 
design  earthquake  conditions.  This  is  not  a  substitute  for  an  earthquake 
analysis,  which  would  be  required  in  a  full  design  effort.  The  rule-of- 
thumb  assessment  does  place  the  magnitude  of  seismic  effects  in 
perspective.  In  a  later  section  on  pile  analysis,  it  will  be  shown  that  the 
guide  piles  can  deflect  up  to  6  in.  horizontally  and  remain  within 
allowable  stresses.  Considering  that  the  amplitude  of  oscillation  and 
ground  motion  of  an  earthquake  in  a  Seismic  Zone  3,  where  Charleston  is 
located,  is  not  likely  to  exceed  6  in.,  the  large  deflection  capacity  of  the 
piles  should  protect  the  pier.  For  major  ground  motion  or  for  resonant 
conditions,  the  steel  piles  would  eventually  yield  and  buckle.  Even  in  this 
condition,  the  piles  have  residual  strength  to  keep  the  pier  on  station  until 
it  is  secured  by  auxilary  mooring  lines.  In  short,  the  floating  pier  has 
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greater  potential  for  remaining  in  operation  because  it  is  floating,  as 
compared  to  fixed  piers  whose  load  carrying  capacity  depends  on  the 
structural  integrity  of  the  vertical  piles. 

The  maximum  horizontal  load  imposed  on  the  pier  during  extreme 
environmental  loading  conditions  was  calculated  by  static  methods  to  be 
125  kips/pile-bent.  This  load  can  be  resisted  adequately  by  a  pile 
anchoring  system  which  will  be  discussed  later.  Dynamic  loading 
conditions  have  not  been  analyzed,  but  are  not  considered  critical  in 
Charleston. 


6.  STRUCTURAL  SYSTEMS 


6.1  Pier  Configuration 

The  total  length  of  the  pier  could  not  exceed  1,250  ft.  because  of  a 
channel  right-of-way.  This  length  pier  was  marginally  adequate  for 
berthing  two  CG's  or  DD's  at  564  ft.  long  each  along  one  side  of  the  pier. 
If  an  AD  were  berthed  on  one  side  then  the  remaining  space  was  only 
adequate  for  a  Fast  Frigate  (FF)  or  Guided  Missile  Fast  Frigate  (FFG). 
Therefore,  the  floating  pier  was  designed  for  the  maximum  length  of 
1,250  ft.;  a  1,200  ft.  long  structure  with  a  ramp  of  50  ft.  to  span  between 
the  pier  and  shore. 

The  preliminary  design  is  conducted  for  two  600-ft.  long  pier  units.  The 
decision  to  use  two  pier  units  was  to  demonstrate  that  the  pier  could  be 
built  off-site  in  multiple  units  and  joined  together  at  the  site.  The  joint 
design  would  be  similar  whether  2,3,  or  4  units  were  used  to  assemble  the 
1,200  ft.  length. 

The  cross-section  of  the  pier,  shown  in  Drawing  1,  is  a  two-deck 
configuration.  The  pontoon  section  has  dimensions  of  75-ft.  wide  by  18  ft. 
deep.  The  exterior  wall  and  bottom  slab  are  haunched  sections  with  a 
minimum  thickness  of  9  in.  The  interior  wall  thickness  is  10  in.  A  double 
exterior  wall  is  provided  because  of  the  probability  of  a  ship  collision.  The 
remaining  cross-section  is  divided  into  three  buoyancy  chambers  with  a 
width  of  21  ft.  each.  Bulkheads  are  spaced  at  40  ft.  This  arrangement 
compartmentalizes  the  total  pier  into  90  buoyancy  chambers,  thereby 
providing  high  damage  stability. 

The  roof  of  the  pontoons  serves  as  the  lower  deck.  Because  of 
longitudinal  bending  moment  considerations  from  "hogging"  and  "sagging" 
the  thickness  of  the  lower  deck  is  equal  to  that  of  the  bottom  slab  at  9 
in.  This  deck  is  adequate  to  resist  a  uniform  liveload  of  600  psf,  and  the 
more  critical  wheel  loading  condition  from  a  20-ton  fork-lift  truck.  The 
lower  deck  has  a  freeboard  of  7.3  ft.  for  a  zero  liveload  condition.  The 
operational  freeboard  is  5  ft.  when  the  entire  main  deck  area  is  subjected 
to  a  liveload  of  160  psf.  For  the  lower  deck  to  be  swamped  (aero 
freeboard),  the  liveload  on  the  entire  main  deck  would  need  to  be  5)0  psf. 
If  the  middle  third  of  the  structure  were  loaded  at  600  psf,  the  pier  would 
have  zero  freeboard  at  midlength  and  the  material  stresaes  would  still  be 
in  the  elastic  region. 

The  main  deck  is  located  15  feet  above  the  lower  deck  and  is  05  ft  wide. 
A  S— ft.  set-beck  on  each  side  of  the  pier  is  provided.  The  thickness  of 
the  main  deck  is  18  in.  and  it  is  post-tensioned  longitudinally  to  a  level 
of  about  660  psi.  The  controlling  liveload  condition  for  this  deck  wee  the 
concentrated  load  from  an  outrigger  of  a  90-ton  truck  crane. 

The  maximum  outrigger  load  was  167  kips.  The  design  concept  was  to 
allow  the  outrigger  to  be  placed  at  any  location  on  the  mate  deck.  An 
alternative  design  concept  was  to  provide  specific  corridor  sections  for 
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the  outriggers.  The  dead-weight  of  the  main  deck  would  be  minimized 
with  this  approach  but  field  personnel  report  that  in  practice  the 
outriggers  would  not  be  placed  only  on  the  thickened  corridors.  Hence, 
this  alternative  is  not  recommended. 

Openings  in  the  main  deck  are  provided  for  pile  installation.  The  openings 
are  covered  with  a  metal  grating  instead  of  cast-in-place  concrete,  for 
the  specific  purpose  of  avoiding  inadvertent  placement  of  an  outrigger  on 
the  cover.  A  solid  cover  may  be  deceptive  insofar  as  the  appearance  is 
one  of  strength,  whereas  metal  grating  does  not  appear  strong  enough  to 
support  an  outrigger. 

The  main  deck  is  essentially  clear  of  obstacles,  although  certain  locations 
have  obstructions  such  as  electrical  mounds  and  access  openings  to  the 
lower  deck  for  trash,  stairs  and  cargo  transfer.  These  items  occupy  less 
than  3%  of  the  deck  area.  The  access  openings  are  located  at  less  active 
areas  of  the  pier,  but  the  electrical  mounds  are  located  at  busy  areas  of 
the  berthed  ships.  The  size  of  the  access  openings  is  12  ft.  wide  and  15 
ft.  long  and  on  each  side  of  the  openings  are  two  clear  traffic  lanes  of 
24.5  ft.  width. 

On  the  lower  deck,  columns  divide  the  deck  into  three  longitudinal  bays, 
each  having  a  clear  width  of  19.5  ft.  The  center  bay  is  interrupted  by  pile 
bents  every  40  ft.;  however  usuable  center  bay  space  is  about  20,000  ft.2. 
Up  to  15,000  ft.2  is  already  designated  for  specific  purposes,  such  as  trash 
containers,  workshops,  classrooms  (if  required),  transformer  stations,  and 
a  salt  water  pump  station.  The  remaining  unused  space  of  5,000  ft.2  is 
available  for  small  vehicle  parking,  material  and  equipment  storage,  and 
expansion  of  the  utility  systems. 

The  two  outside  bays  serve  as  traffic  lanes  and  perimeter  space  for 
equipment  that  is  actively  servicing  the  ships.  One-way  traffic  lanes  of 
12  ft.  wide  are  provided  near  the  inside  column  line.  Between  the  traffic 
lane  and  the  edge  of  the  pontoon  is  a  space  about  12  ft.  wide  for  locating 
portable  contractor  equipment  next  to  the  berthed  ships.  Head  room 
along  the  perimeter  is  limited  to  about  9  ft.  because  of  the  service 
walkway.  This  means  that  only  smaller  equipment  can  be  used  on  the 
lower  deck. 

Combining  the  width  of  the  lower  and  main  decks  gives  a  total  pier  width 
of  140  ft  This  amounts  to  a  pier  surface  area  of  approximately  3.8  acres. 
The  actual  narrow  width  of  only  75  ft  is  a  desirable  feature,  especially 
for  piers  at  a  location  such  as  Charleston.  In  comparison,  a  large  single 
deck  pier  has  a  width  of  120  ft  This  floating  pier  provides  15%  more  deck 
space  while  occupying  60%  less  water  space. 

Engineering  calculations  to  support  the  preliminary  design  are  presented 
in  Appendix  B.  The  intent  of  the  analysis  was  to  establish  feasibility  for 
the  floating  pier  in  withstanding  significant  loads  and  to  obtain  accurate 
material  quantity  takeoffs  for  estimating  cost. 
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The  results  of  the  analysis  are  the  structural  drawings  and  details,  as 
shown  in  Drawings  2  through  7. 

The  pontoon  was  designed  with  a  uniform  prestress  level  of  750  psi 
compression  in  the  longitudinal,  transverse,  and  vertical  directions  of  the 
pier.  Prestress  level  across  the  joint  was  also  750  psi.  Details  of  the 
pres  tress  system  are  shown  in  Drawings  2,  4,  5,  and  6.  In  order  to 
accommodate  a  floating  construction  approach  where  the  exterior 
surfaces  of  the  pontoon  are  not  accessible,  the  prestressed  system  has 
been  designed  so  that  workmen  can  perform  the  post-tensioning  tasks 
from  topside  and  inside  the  pontoon. 

Anchoring  System 

Three  methods  are  available  for  anchoring  the  pier  to  withstand 
horizontal  loads:  vertical  piles,  batter  piles,  and  mooring  chain  (Drawing 
11).  Each  pile  bent  must  resist  the  horizontal  design  load  of  125  kips.  For 
the  Charleston  site  it  is  proposed  that  vertical  piles  be  used  for  the 
floating  pier.  Vertical  piles  have  the  advantages  of  simple  installation  and 
large  displacement  under  load.  They  act  in  bending  only  while  batter 
piles  act  in  bending  and  axial  compression  or  tension.  Batter  piles  are 
more  efficient  in  steel  utilization,  so  they  are  lighter  in  weight  than 
vertical  piles  in  direct  comparison.  However,  this  advantage  is  offset 
somewhat  by  their  rigidity,  which  may  be  translated  into  a  heavier 
fendering  system.  The  batter  piles  will  also  require  more  field 
installation  work.  Design  calculations  for  both  vertical  and  batter  pile 
systems  are  given  in  Appendix  C.  Mooring  chains  with  dead-weight 
concrete  anchors  or  stake  piles  can  be  used  for  difficult  site  conditions 
due  to  poor  soils,  deep  water  or  large  tidal  variations. 

For  the  vertical  piles,  a  total  of  58  piles  of  48  in.  diameter  by  1  in.  wall 
thickness  are  required.  The  piles  will  be  filled  with  sand  to  increase  their 
local  buckling  resistance  and  provide  corrosion  resistance  to  the  interior 
surface.  The  exterior  of  the  piles  will  be  epoxy  coated  before  the  piles 
are  installed.  Cathodic  protection  will  be  used  for  the  underwater  portion 
of  the  piles.  A  quarter  inch  thickness  was  alloted  for  corrosion  over  the 
40  year  design  life.  This  sacrificial  thickness  equates  to  a  corrosion  rate 
of  6  mils  per  year.  The  protection  systems  should  hold  the  corrosion  rate 
to  less  than  3  mils  per  year. 

For  the  vertical  piles  the  restraining  system  at  the  pier-pile  interface  is 
steel  angle  sections  bolted  to  the  pontoon  that  rub  on  steel  strips  welded 
to  the  piles.  The  angle  sections  have  replaceable  teflon  pads  for  the 
contact  face  and  neoprene  blocks  to  absorb  impact  forces.  The  bolts 
anchoring  the  angle  section  to  the  pontoon  are  designed  to  fail  in  shear 
during  overload  situations.  It  is  preferable  for  the  bolts  to  shear  than  for 
the  piles  to  buckle.  Hence,  in  an  earthquake  condition  if  the  bolts  shear, 
an  additional  6  in.  of  lateral  displacement  is  permitted. 

If  batter  piles  are  used,  58  piles  of  36  in.  diameter  by  1  in.  wall  thickness 
are  required.  The  piles  are  joined  together  at  the  top  by  a  shear  plate. 


I-beam  sections  welded  to  the  non-vertical  piles  provide  the  vertical 
rubbing  surface.  The  batter  piles  are  filled  with  mass  concrete  to 
increase  their  dead-weight  and  assist  in  uplift  resistance.  Good  soil 
conditions  are  required  for  batter  piles  because  of  the  uplift  forces. 

Should  damage  occur  to  piles  from  any  source,  a  convenient  system  is 
provided  for  pile  replacement.  The  top  deck  has  openings  directly  above 
the  piles.  The  openings  are  covered  by  metal  gratings.  The  gratings  can 
be  removed  to  provide  construction  access  to  the  piles. 

One  of  the  advantages  of  locating  the  piles  down  the  center  of  the  pier 
is  the  avoidance  of  accidental  contact  between  the  piles  and  ship's  sonar 
dome  and  other  components,  which  occasionally  occurs  n  conventional 
piers  with  wooden  fender  piles.  The  expense  of  repairing  damage  to  a 
sonar  dome  is  high  because  the  ship  must  be  dry  docked. 

6.3  Fendering  System 

Traditionally,  the  Navy  has  used  wooden  piles  with  log  camels  for  the 
fendering  system.  The  system  has  low  first  cost  but  high  life-cycle  costs. 

During  the  course  of  this  study,  it  was  observed  that  Naval  vessels  have 
numerous  protrusions  from  the  side  of  the  hulls  except  in  the  region  near 
the  waterline.  It  would  appear  by  keeping  only  the  waterline  region  clear 
of  protrusions,  the  ship  designers  had  intended  for  the  ships  to  be 
tendered  by  log  camels.  At  other  locations  on  the  hull,  both  above  and 
below  the  waterline,  protrusions  have  been  welded  to  the  hull.  Figures  14 
and  IS  show  two  examples  of  hull  protrusions.  Other  common  protrusions 
are  pad-eyes,  located  above  the  waterline  and  air  m askings  bands  directly 
below  the  waterline.  These  protrusions  would  preclude  the  use  of  most 
modern  fendering  systems  on  fixed  piers. 

Unless  a  fleet-wide  effort  is  made  to  remove  the  above  waterline 
protrusions,  it  is  difficult  to  foresee  soft-type,  modem  fendering  systems 
being  used  at  Naval  bases.  The  protrusions  will  eventually  tear  the  soft 
fenders.  Another  disadvantage  of  soft  fenders  is  that  the  hull  plating  is 
loaded  and  not  the  ship's  frame  system;  thus,  the  plating  deflects  inward 
between  the  framing  locations. 

The  floating  pier  permits  modern  fendering  systems  to  be  used  because 
the  pier  and  the  ships  move  together  with  tidal  variations.  Cell  fenders 
of  the  buckling  cylinder  type  can  be  mounted  on  the  pier  and  always 
contact  the  ship  in  the  waterline  region.  The  contact  surface  between 
the  fender  and  the  ship  needs  to  be  narrow  and  long,  to  simulate  that  of 
log  camels.  A  fendering  system  that  meets  these  criteria  uses  multiple 
small  diameter  cell  fenders  that  are  joined  together  to  function  as  a  unit. 
For  the  purpose  of  this  report,  the  energy  absorption  of  the  pier  has  been 
assumed  to  be  zero  in  the  initial  contact  period.  Each  fender  unit  must 
therefore  be  capable  of  absorbing  the  total  energy  from  a  berthing  ship. 
Calculations  of  the  berthing  energy  are  given  in  Appendix  D.  It  shows 
that  three  cell  fenders  of  3  ft.  diameter  each  would  have  sufficient 
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capacity  to  absorb  the  ship  berthing  energy.  A  frame  on  the  outboard 
face  of  the  cells  causes  the  individual  cells  to  work  together  and  also 
provides  a  hard  face  to  the  fendering  system.  Drawings  3  and  4  show  this 
arrangement.  In  order  to  keep  the  contact  area  narrow,  the  frame  has 
a  width  of  2.5  ft.  The  length  of  15  ft.  was  required  to  limit  the  contact 
pressure  against  the  ship  hull  to  45  psi.  Clear  span  distance  between 
fendering  units  is  25  ft.  This  distance  is  sufficiently  small  so  that  the 
bow  of  a  ship  should  not  catch  on  the  side  of  the  fender  unit. 

An  estimate  of  lateral  movement  of  the  pier  during  a  berthing  operation 
was  made  by  assuming  that  the  load  from  the  berthing  ship  is  applied 
slowly  enough  so  that  the  pier  can  respond.  The  berthing  force  will  go 
partly  into  the  pile  system  and  partly  into  displacing  water  from  the 
backside  of  the  pier  by  lateral  movement  of  the  pier.  When  the  fender 
cells  have  stopped  the  ship,  the  cells  are  pushing  against  the  pier  with 
approximately  350  kips.  This  force  will  be  absorbed  by  approximately  1/2 
in.  of  movement  by  the  pier.  The  concentrated  load  of  the  fender  on  the 
concrete  wall  can  be  withstood  because  the  fenders  arc  located  at 
bulkhead  sections. 

6.4  Naval  Architectural  Considerations 


6.4.1  Wave  Height 

The  maximum  wave  height  for  the  pontoons  was  calculated  by 
using  two  methods.  The  first  was  the  longitudinal  bending 
moment  method  for  Trocoidal  waves  and  the  second  was 
according  to  the  American  Bureau  of  Shipping  (ABS)  Rules.  Once 
a  longitudinal  bending  moment  was  calculated  for  a  Trochoidal 
wave  of  some  assumed  height,  the  allowable  wave  height  could 
be  calculated  by  proportioning.  This  was  possible  because  the 
allowable  bending  moment  for  the  pontoon  section  was  known. 
Calculations  for  both  methods  are  shown  in  Appendix  E.  The 
Trochoidal  wave  method  and  the  ABS  method  gave  similar  results 
for  pontoon  units  of  600  ft.  in  length.  The  allowable  wave  height 
was  5.4  ft.  for  the  assumed  wave  length  of  600  ft.  The  design 
procedures  specify  that  the  wave  length  be  equal  to  the  length 
of  the  vessel. 

A  pier  unit  built  in  protected  water  should  not  encounter  a  wave 
height  of  more  than  5.4  feet.  It  is  also  unlikely  that  a  5.4  ft. 
wave  will  be  as  long  as  600  ft. 

For  pier  units  intended  for  ocean  towing,  it  would  be  necessary, 
depending  on  the  severity  of  tow  conditions,  to  decrease  the 
length  of  the  pier  to  increase  its  allowable  bending  moment,  and 
therefore,  increase  the  allowable  wave  height.  For  a  pier  unit 
of  length  400  ft.,  the  wave  height  was  calculated  as  12.2  ft.;  and 
for  a  pier  unit  of  length  300  ft.,  the  wave  height  was  21.7  ft. 
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The  design  for  the  300  ft.  pier  unit  was  changed  slightly  from 
that  of  the  other  lengths  in  order  for  the  bottom  slab  to  be  able 
to  withstand  a  hydrostatic  head  of  22  ft.  at  the  bottom  slab. 
The  post-tensioning  ducts  were  more  closely  spaced,  at  18  in. 
instead  of  21  in. 

6.4.2  Roll  Period 


The  roll  period  for  a  pier  of  1200  ft.  in  length  was  calculated  as 
6.8  sec.  Most  barge-shaped  vessels  have  a  period  in  the  range 
of  7  to  8  sec.  In  order  for  the  pier  to  roll  with  noticeable 
amplitude,  waves  of  6.8  sec.  period  would  have  to  hit  the  pier 
broadside  or  at  least  over  a  major  length  of  the  pier.  This  is 
most  unlikely  because  of  ships  berthed  at  the  pier  and  the 
presence  of  other  nearby  piers.  The  problem  is  complex,  and 
requires  further  study.  From  the  experience  of  the  Hood  Canal 
Bridge,  excessive  rolling  motion  does  not  appear  to  be  a  problem; 
however,  this  structure  is  moored  with  cables  at  a  prescribed 
tension. 

6.4.3  Damage  Stability 

Damage  stability  calculations  were  carried  out  for  the  1200  ft. 
long  pier  for  two  cases  of  flooding  of  the  buoyancy  chambers. 
One  case  had  two  adjacent  cells  at  the  end  of  the  pier  flooded, 
and  another  case  had  two  adjacent  cells  on  the  side  of  the  pier 
flooded.  The  maximum  change  in  freeboard  at  the  end  was  a  list 
of  1.2  ft.  and  trim  of  C.9  ft.  In  this  damaged  condition,  the  pier 
would  be  able  to  function  to  its  full  capacity.  Repairs  could  be 
made  without  interrupting  the  operational  function  of  the  pier. 

Should  flooding  occur  in  one  buoyancy  cell,  the  local  freeboard 
change  would  be  about  4-5  in. 

6.4.4  Heeling  from  Major  Loads 

Heeling  from  two  major  loading  conditions  was  analyzed.  The 
first  condition  was  that  of  two  large  combatant  ships  moored  on 
the  lee  side  of  the  pier  during  high  wind  and  current  condition. 
The  breasting  lines  are  tied  off  to  the  bollards  on  the  main  deck, 
generating  an  overturning  moment  in  the  pier.  If  the  mooring 
force  was  assumed  as  half  of  the  maximum  environmental  load 
from  Figure  12,  than  a  maximum  condition  will  be  obtained.  For 
a  load  of  1365  kips,  the  resulting  heel  angle  was  0.763°,  and  the 
freeboard  change  was  6.0  in. 

The  second  loading  condition  was  that  of  a  90-ton  crane  on  the 
edge  of  the  main  deck,  making  a  maximum  lift.  The  load  at  the 
edge  of  the  main  deck  was  estimated  at  320  kips,  which  produced 
a  heel  angle  of  0.268°  and  freeboard  change  of  2.1  in. 
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6.5  Materials 


6.5.1  Normalweight  Concrete 

The  key  to  concrete  durability  is  to  obtain  a  pore  size  in  the 
cement  paste  below  a  critical  diameter  of  about  0.1  micrometers 
(Ref.  2).  Pores  of  this  size  and  smaller  restrict  movement  of 
water  molecules  to  the  point  that  the  concrete  is  essentially 
watertight.  Without  movement  of  water  within  the  concrete, 
deterioration  cannot  occur  from  sulfate  attack  or  from  corrosion 
of  reinforcing  steel. 

A  concrete  mix  design  which  uses  a  minimum  cement  content  of 
700  pounds  per  cubic  yard  and  a  maximum  water-to-cement  ratio 
of  0.4  will  assure  low  permeability.  A  mix  of  this  design  can  be 
difficult  to  place  because  of  its  low  slump.  The  use  of 
superplasticizers  is  recommended  to  improve  workability,  and  to 
avoid  the  temptation  to  add  water  to  the  concrete  by  workers  in 
the  field.  Superplasticizers  produce  high  slumps  with  water-to- 
cement  ratios  as  low  as  0.33.  The  present  Hood  Canal  Bridge 
construction  uses  this  approach.  Extra  attention  is  required, 
however,  because  superplasticized  concrete  loses  its  high  slump 
within  30  minutes  after  mixing. 

6.5.2  Lightweight  Concrete 

Lightweight  concrete  is  recommended  for  the  floating  pier  for 
two  important  reasons:  1)  to  reduce  the  draft  of  the  structure, 
which  can  be  important  during  the  construction  phase,  and  2)  to 
improve  the  durability  of  concrete  exposed  to  a  marine  environ¬ 
ment.  Past  experience  has  shown  that  the  performance  of 
lightweight  concrete  in  a  marine  environment  is  excellent.  The 
WW  I  lightweight  concrete  ship  USS  "Selma"  is  a  case  in  point. 
The  ship  was  scuttled  in  1922  in  tidal  waters  off  Galveston, 
Tc-vas.  When  examined  31  and  60  years  later,  the  concrete  and 
the  rebars  were  found  to  be  in  excellent  condition  (Ref.  3)  in 
spite  of  a  cover  no  greater  than  5/8-in. 

Lightweight  concrete  can  have  a  compressive  strength  of  5000 
psi  and  greater,  using  a  cement  content  of  over  700  pounds  per 
cubic  yard,  and  presaturated  lightweight  aggregates.  This  mix 
will  have  a  higher  slump  than  normalweight  concrete  for  a  water 
cement  ratio  of  0.4.  The  purpose  of  pre-soaking  the  aggregates 
is  to  assure  that  water  is  present  for  a  high  state  of  cement 
hydration.  As  cement  paste  hydrates,  it  expands  in  volume  and 
fills  much  of  the  void  volume  originally  occupied  by  free  water. 
For  a  water-to-cement  ratio  of  0.4,  the  hydrated  cement  can  fill 
enough  volume  to  bring  the  average  pore  size  down  to  0.1 
micrometers. 
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Good  quality  lighweight  concrete  has  the  same  watertightness  as 
that  exhibited  by  quality  normalweight  concrete.  Haynes  has 
demonstrated  this  (Ref.  4)  on  concrete  spheres  with  wall 
thicknesses  of  3  in.  subjected  to  external  pressure  heads  of  up  to 
4,500  ft.  Pressure  tests  on  the  lightweight  aggregate  alone 
showed  that  the  pore  volume  was  quickly  filled  with  seawater; 
hence,  the  watertightness  of  the  lightweight  concrete  was 
obtained  by  the  cement  paste  surrounding  the  aggregates. 
Watertightness  provides  protection  to  the  reinforcing  steel  and 
prevents  corrosion  because  sufficient  quantities  of  chloride  ions 
cannot  work  their  way  into  the  concrete  to  depassivate  the  high 
pH  environment  of  the  cement  surrounding  the  steel  reinforcing 
bars. 

There  is  another  feature  of  lightweight  concrete  that  makes  it 
superior  to  normalweight  concrete.  Lightweight  aggregates  are 
manufactured  from  expanded  shale  or  clay  and  therefore  contain 
pozzolanic  materials.  These  pozzolans  combine  with  the  chemi¬ 
cal  compounds  of  the  hydrated  cement  to  form  an  interlocking 
bond  at  the  interface  of  the  aggregate  to  cement  paste  (Ref.  5). 
Under  extreme  loading  conditions,  lightweight  concrete  therefore 
responds  more  as  a  homogenous  material  than  does  normalweight 
concrete.  The  modulus  of  elasticity  of  lightweight  aggregate  is 
close  to  that  of  the  cement  paste,  and  the  bond  between  the  two 
materials  is  strong.  For  normalweight  concrete,  the  bond 
between  the  cement  paste  and  the  high  modulus  aggregate  is  the 
location  of  micro-crack  development  because  of  the  dissimilarity 
in  properties  between  the  two  materials.  With  micro-cracking, 
the  watertightness  of  normalweight  concrete  is  reduced. 

The  use  of  lightweight  concrete  is  recommended  for  general 
harbor  structures  in  addition  to  floating  piers  because  6*  its 
superior  durability  features. 

The  disadvantages  of  lightweight  concrete  are  that  its  impact 
and  abrasion  resistance  and  shear  strength  are  typically  less  than 
that  of  normalweight  concrete.  The  cost  for  lightweight 
concrete  is  also  about  50%  greater  than  that  for  normalweight 
concrete  (about  $70  per  cubic  yard  as  compared  to  $45  per  cubic 
yard).  However,  less  lightweight  concrete  is  used  in  the  pontoon 
sections  because  the  required  buoyancy  is  provided  by  a  barge¬ 
shaped  hull  of  smaller  dimensions.  With  less  concrete  used,  less 
prestressing  steel  is  required,  so  the  higher  material  costs  are 
off-set  by  savings  from  using  less  materials. 

The  fatigue  behavior  of  lightweight  concrete  is  similar  to  that  of 
normalweight  concrete  and  is  not  considered  to  be  of  concern  for 
the  floating  pier.  A  guideline  on  fatigue  design  is  to  maintain 
the  stresses  in  the  concrete  below  50%  of  ultimate  strength. 
This  criterion  is  easily  met  for  the  floating  pier. 
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7.  UTILITY  SYSTEMS 


7.1  Ship  Data  Analysis 

The  ship  data  contained  in  NCEL  publication  Ship  Requirement  Data  and 
Pier  Design  Criteria,  1981,  were  used  to  determine  the  utility  require¬ 
ments  for  the  5  classes  of  ships  listed  in  Table  1. 

The  detailed  ship  utility  data  were  used  to  locate  outlets  at  the  required 
locations  along  the  pier  for  connection  to  the  ship's  utility  system.  The 
method  used  was  to  plot  the  utility  outlets  on  scale  drawings  of  the  ship's 
cross-section  and  plan  view.  The  plan  views  were  cut  out  and 
superimposed  on  a  scale  drawing  of  the  pier.  Initial  effort  in  overlaying 
the  plan  views  showed  that  the  utility  valves  grouped  themselves  into 
clusters.  An  alignment  system  between  the  ships  and  the  pier  was 
designated  by  having  the  ship's  first  perpendicular,  i.e.,  where  the  bow 
breaks  the  waterline,  align  with  assigned  berthing  location  guide  marks  on 
the  pier. 

Four  berthing  location  guide  marks  were  required  on  each  side  of  the  pier 
to  accommodate  all  of  the  vessels.  This  is  shown  in  Drawing  8.  The  AD 
can  be  berthed  cither  near  the  shore  or  near  the  far  end  of  the  pier  and 
the  remaining  berth  space  is  adequate  for  a  Fast  Frigate  (FF)  or  Guided 
Missile  Fast  Frigate  (FFG).  If  an  AD  is  not  berthed,  any  combination  of 
combatant  ships  can  be  berthed. 

Once  the  berthing  location  guidemarks  were  determined,  the  individual 
utility  systems  for  the  different  ships  could  be  plotted  and  analyzed. 
These  data  are  shown  in  Figures  16  thru  19.  For  example,  consider  Figure 
16,  which  shows  the  electrical  and  telephone  system  data.  The  solid  line 
represents  the  length  of  the  longest  ship,  an  AD.  The  data  plotted  on  the 
solid  line  were  for  the  case  of  all  ships  heading  toward  the  left.  The  data 
plotted  below  the  solid  line  were  for  the  case  of  all  ships  heading  toward 
the  right.  Above  the  solid  line  is  a  summary  of  the  electrical  mound 
locations  on  the  pier. 

For  some  ships,  the  data  for  certain  utility  systems  were  not  available. 
This  situation  is  noted  on  the  figures.  For  example,  in  Figure  16  the 
telephone  data  for  the  FFG  were  missing.  It  was  unlikely  that  a  major 
error  was  introduced  by  the  omission  of  some  data  because  in  general  the 
outlet  locations  for  the  combatant  ships  were  well  grouped. 

A  summary  of  the  utility  outlet  locations  on  the  pier  is  shown  in  Figures 
20  through  22.  The  solid  line  for  these  figures  represents  the  entire 
length  of  the  pier.  For  the  potable  water  and  saltwater  systems  (Fig.  20) 
additional  outlet  locations  were  incorporated  to  support  fire  fighting; 
these  additional  locations  are  noted. 

Table  2  summarizes  the  utility  outlet  data  and  shows  that  the  mean 
horizontal  distance  for  utility  hoses  to  run  between  the  pier  and 
combatant  ships  is  on  the  order  of  25  ft.  The  electrical  system  is  an 


exception;  for  certain  instances,  electrical  cables  must  run  horizontally  on 
the  order  of  200  ft.  to  reach  distant  connection  points  for  the  AD.  For 
comparison  purposes,  normal  practice  has  utility  outlets  spaced  at  ISO  ft. 
This  means  that  horizontal  runs  between  the  pier  and  the  ship  will  be  a 
maximum  of  75  ft.  Table  2  shows  a  comparison  of  the  number  of  outlet 
valves  required  for  a  conventional  utility  layout  versus  the  tailored 
layout.  It  is  observed  that  approximately  the  same  number  of  outlet 
valves  are  required.  The  difference  in  the  layout  methods  is  the 
horizontal  distance  that  hoses  must  run.  The  tailored  layout  method  saves 
handling  and  storing  extra  lengths  of  hose  that  are  presently  required 
using  the  conventional  layout  method.  It  is  recommended  that  the 
tailored  layout  method  be  used. 

7.2  Utility  Layout 

The  utility  layout  for  the  pier  is  shown  in  Drawings  8  through  10.  Drawing 
8  shows  an  overall  plan  of  the  pier  with  a  schematic  of  a  bypass  system 
for  the  utility  pipes  and  a  plan  and  elevation  of  Pier  Unit  L  Drawing  9 
shows  Pier  Unit  2  and  Drawing  10  shows  miscellaneous  sections.  The 
various  utility  systems  are  discussed  below: 

7.2.1  Electrical 


The  maximum  demand  for  power  at  each  berthing  location  is 
controlled  by  an  AD  requiring  sixteen  400  amp  receptacles,  and 
a  nested  CG  with  ten  400  amp  receptacles.  The  total  required 
is,  therefore  26  receptacles.  The  present  design  provides  for  32 
receptacles  at  each  berthing  location  for  an  oversupply  of  23%. 
Past  records  show  that,  in  general,  the  power  requirements  for 
ships  has  doubled  every  ten  years  (Ref.  6).  To  plan  for  future 
expansion,  space  is  reserved  for  duplicating  the  transformer 
stations  on  each  pier  unit.  A  high-voltage  connection  at  each 
berth  is  also  provided  for  portable  transformer  stations. 

Electrical  power  is  supplied  to  the  pier  by  four  12.5kv  high 
voltage  lines.  Two  power  lines  run  down  each  side  of  the  pier 
and  provide  redundancy  to  each  transformer  station.  As  shown 
in  Drawing  8,  the  transformer  stations  are  located  in  a  center 
buoyancy  cell  and  the  switching  gear  are  located  directly  above 
in  a  center  bay.  The  transformers  are  located  on  a  raised  floor 
and  can  be  installed  and  removed  through  a  removable  floor 
panel.  Sufficient  space  is  available  to  house  the  transformer  and 
switching  gear  in  this  arrangement. 

Another  transformer  station  is  located  in  a  center  bay  section 
adjacent  to  the  switching  gear  for  supplying  grounded  contractor 
power.  Grounded  power  was  incorporated  into  the  design  for 
Pier  2,  San  Diego  Naval  Base,  for  safety  purposes. 

Electrical  receptacles  are  located  in  an  electrical  mound  on  the 
main  deck.  This  is  shown  in  Drawing  10,  Section  G.  In  each 
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electrical  mound,  32  Viking  receptacles  arc  provided  along  with 
telephone  connections,  which  include  the  T.V.  and  data  lines,  two 
fire  boxes,  contractor  power  outlets  for  120  volts,  240  volts,  and 
480  volts,  and  a  high  voltage  connection  for  a  portable 
transformer. 

The  decision  to  locate  the  electrical  mounds  on  the  main  deck 
was  for  operating  reasons.  The  electrical  receptacles  on  the 
ships  are  located  at  high  elevations.  Handling  the  electrical 
cables,  either  manually  or  mechanically,  will  be  relatively  easy 
because  the  cables  are  accessible  and  space  exists  for  proper 
lay-out.  A  certain  amount  of  main  deck  space  will  unfortunately 
be  occupied  by  the  cables  spread  out  in  a  single  layer.  The 
important  point  is  that  maneuvering  room  is  available  for  this 
necessary  operation.  To  avoid  build-up  of  heat  from  electrical 
resistance,  the  cables  cannot  be  rolled  or  stacked  while  in  use. 


Although  the  cables  use  main  deck  space,  they  are  the  only 
cables  or  hoses  located  on  the  main  deck,  so  the  images  of 
conventional  pier  decks  with  heaps  of  electrical  cables  inter¬ 
mingled  with  other  hoses,  including  water  hoses  (Figure  23)  do 
not  apply.  A  neat  layout  of  short  runs  of  cables  should  be 
visualized.  Long  runs  are  required  only  for  supplying  the  AD 
with  power.  Figure  24  shows  a  neat  cable  layout  with  a  long  run 
at  Pier  2  in  San  Diego. 

An  alternative  location  for  the  Viking  receptacles  is  on  the 
lower  deck.  This  has  the  advantage  of  keeping  the  main  deck 
clear,  particularly  in  the  prime  operating  location  at  amidship. 
However,  having  the  receptacles  on  the  lower  deck  would  require 
considerably  more  man-handling  of  electrical  cables.  Also,  those 
cables  would  be  in  the  same  vicinity  as  the  steam  and  water 
pipes.  Operationally,  it  does  not  appear  advantageous  to  have 
the  receptacles  on  the  lower  deck. 

Another  alternative  is  to  have  the  electrical  mound  on  the  main 
deck  but  located  10  feet  from  the  edge  of  the  pier  with  the 
receptacles  facing  the  ship.  This  would  provide  a  corridor  for 
the  horizontal  cable  runs.  The  disadvantage  is  that  the 
electrical  mounds  will  restrict  the  movement  of  deck  equipment, 
and  prevent  the  equipment  from  getting  close  to  the  ship  hull. 
This  arrangement  is  not  recommended. 

Telephone 

Two  telephone  trunk  lines  of  50  channels  each  are  provided  on 
the  pier.  This  system  contains  cable  television  and  data  link 
lines.  The  outlet  locations  are  at  the  electrical  mounds. 


Steam,  Potable  Water,  Fuel  Oil,  and  Compressed  Air 

These  services  all  require  pipelines  under  pressure.  The  utility 
pipes  shown  in  Drawing  10,  are  located  on  the  underside  of  the 
main  deck.  Each  pipe  is  about  11  feet  overhead  and  accessible 
for  ease  in  repair  or  maintenance  by  working  from  the  lower 
deck.  Also,  space  exists  for  expansion  of  systems.  The  pipelines 
originate  from  shore,  where  two  pipes  for  each  service  are 
provided  for  redundancy.  Drawing  7  shows  the  pipeline 
interface  from  shore  to  pier.  Section  A  of  Drawing  7  shows  the 
pier-side  connection  where  a  metal  reinforced  hose  is  used.  This 
type  of  flexible  connection  allows  free  movement  of  the  pipes  in 
all  directions. 

The  steam  system  will  require  an  alternative  design  to  that  of 
the  flexible  hose  arrangement.  The  steam  line  cannot  have  a 
gooseneck  hanging  down  because  it  collects  condensed  water. 
For  the  steam  line,  a  gooseneck  arrangement  with  elevation 
higher  than  that  of  the  pipeline  is  required. 

Valves  are  located  on  each  side  of  the  flexible  connections  for 
ease  in  replacing  sections  when  required.  Connection  movement 
is  slow  and  the  cycles  few.  Also,  the  hose  is  not  exposed  to 
sunlight  so  external  deterioration  will  be  slow.  Hence,  the  life 
of  the  flexible  hose  connection  is  estimated  at  5  years. 

On  the  shoreside  end,  Drawing  3  shows  a  room  beneath  the  ramp 
which  provides  a  location  for  connecting  the  utility  pipes  to  the 
underground  pipes  with  a  swivel  joint. 

On  the  pier,  the  utility  pipes  tee  off  the  trunk  line  at  the 
required  locations  and  terminate  at  the  service  walkway.  Typ¬ 
ically  two  hose  connections  are  provided  at  each  outlet.  The 
outlet  valves  remain  under  the  main  deck  to  protect  them  from 
damage  from  dropped  objects,  yet  they  are  easily  accessible  for 
hose  connection  hook-up.  The  walkways  extend  along  the  entire 
length  of  the  pier  and  under  the  main  deck,  leaving  considerable 
space  available  for  storage  of  hose  sections. 

Fuel  oil  spillage  is  contained  by  high  toe-boards  on  the  service 
walkway.  Drainage  ducts  lead  from  the  walkway  to  the  double 
wall  buoyancy  cells,  where  spillage  can  be  collected.  After  a 
spill  the  buoyancy  cells  are  pumped  dry. 

The  steam  pipe  is  sized  at  10  inches  to  allow  for  increased 
demand  by  the  ships.  With  insulation,  the  pipe  diameter  will  be 
about  20  inches.  The  potable  water  pipe  and  fuel  oil  pipe  are 
sized  at  8  inches  diameter  and  the  compressed  air  pipe  is  sised 
at  6  inches  diameter. 
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7.2.4  Salt  Water 
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The  salt  water  system  is  contained  entirely  within  the  pier.  A 
pumping  station  where  saltwater  is  drawn  from  a  wet  well  is 
located  at  the  end  of  the  pier.  Three  pumps  are  provided  with 
one  pump  designated  as  a  back-up.  Power  for  the  pumps  is 
supplied  from  a  nearby  transformer  station.  A  back-up  diesel 
motor  and  generator  system  is  also  provided  to  assure  that  power 
for  the  pump  will  be  available  during  a  fire. 

Extra  salt  water  pipe  outlets  have  been  provided  for  fire  fighting 
purposes.  The  outlets  are  spaced  at  no  greater  than  240  feet 
apart.  At  the  end  of  the  pier,  four  valves  are  provided  for  fire 
boat  hook-up. 

Shipboard  personnel  use  saltwater  in  fighting  fires  onboard  ships, 
but  shore  based  firemen  prefer  to  use  potable  water.  For  this 
reason,  extra  potable  water  outlets  have  been  located  on  the  pier 
for  fire  fighting. 

The  salt  water  pumps  can  be  installed  and  removed  as  one  unit 
through  a  removable  deck  panel  on  the  main  deck  (Drawing  10 
section  D). 

7.2.5  Sewage  and  Oily  Waste 

The  sewage  and  oily  waste  pipes  are  gravity  flow,  discharging 
into  holding  tanks.  The  holding  tanks  are  separate  for  each 
utility  and  located  near  the  midpoint  of  the  pier.  Center 
buoyancy  cells  are  used  as  holding  tanks  and  each  has  a  capacity 
of  50,000  gallons.  This  capacity  is  at  least  three  times  that 
currently  provided  at  existing  piers  which  use  a  collection 
system.  A  pump  removes  the  waste  from  the  holding  tank  and 
under  low  pressure  pumps  the  waste  to  shore.  This  method  of 
waste  removal  and  storage  is  recommended  over  that  of  a  force 
main  system  where  water  under  pressure  is  used  to  flush  the 
sewage  lines.  The  changes  in  elevation  of  the  pier  due  to  tidal 
variations  does  not  permit  a  force  main  system  to  be  used. 

For  the  gravity  flow  sewage  system  the  recommendations  of  DM 
5.8  should  be  followed.  A  4-in.  diameter  pipe  system  is  provided 
to  throttle  the  discharge  velocity  of  waste  being  pumped  from 
ships.  Ships  have  sewage  pumps  with  capacity  far  in  excess  of 
pierside  sewer  system  designs.  The  4-in.  pipe  manifold  system 
discharges  into  an  8-in.  diameter  gravity  flow  pipe  that  leads  to 
the  holding  tank. 

Venting  the  sewage  holding  tank  is  not  recommended  because  the 
vent  would  be  at  working  deck  elevations.  The  recommended 
procedure  is  to  remove  the  sewage  by  pumping  it  to  shore  within 
3  hours  of  placement. 
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Although  an  oily  waste  disposal  system  is  provided  on  the  pier, 
it  is  poroible  that  ship  oil-water  separation  for  coastal  zones  may 
be  authorized  in  the  near  future.  If  authorization  occurs,  the 
oily  waste  disposal  system  will  not  be  necessary  on  the  pier. 

7.2.6  Bollards 

Bollards  of  70,000  pound  horizontal  holding  capacity  are  provided 
at  intermittent  locations  along  the  length  of  the  pier  both  on  the 
main  and  lower  decks  as  shown  in  Figure  22  and  Drawings  9  and 
10.  The  main  deck  bollards  are  the  principal  mooring  system  for 
the  ships. 

Spacing  of  the  bollards  is  closer  to  the  bow  and  stern  of  the 
vessels  and  further  apart  in  the  mid-ship  section.  Drawing  10, 
Section  D  shows  the  mooring  line  slopes  from  the  ship  to  the 
bollards.  The  set-back  of  the  main  deck  provides  a  good  force 
component  in  the  mooring  line  perpendicular  to  the  pier.  This 
set-back  provides  the  same  function  as  stand-off  camels  provide 
on  fixed  piers. 

On  the  lower  deck,  bollards  are  required  for  only  a  few  AD 
mooring  lines.  Extra  bollards  are  provided  for  the  general 
purpose  use  of  mooring  various  vessels  that  the  pier  has  not  been 
designed  for,  such  as  small  craft  and  barges. 

Bollards  of  only  one  size  capacity  have  been  provided.  San  Diego 
Pier  No.  2  also  uses  only  one  size  of  bollard.  The  background 
reasoning  is  that  it  is  safe  for  small  size  ships  to  moor 
themselves  to  the  large  capacity  bollards,  but  unsafe  for  large 
ships  to  erroneously  moor  themselves  to  small  capacity  bollards. 

7.2.7  Brows 


Brow  locations  on  the  pier  must  align  with  the  quarterdeck 
locations  on  the  combatant  ships  and  the  exit  door  on  the  AD. 
Figure  19  shows  the  quarterdeck  locations  for  the  various  ship 
decks  and  the  designated  locations  on  the  pier  which  should 
remain  clear  for  the  brows.  Figure  22  shows  the  relationship  of 
the  brows  to  the  electrical  mound  locations.  A  small  overlap 
occurs  in  some  instances  but  not  enough  to  cause  operational 
problems.  In  Drawing  10,  Section  D,  the  slope  of  the  brows 
between  the  ships  and  the  main  deck  is  shown.  A  main  deck 
elevation  of  20  feet  above  the  waterline  is  approximately 
halfway  between  the  quarterdeck  elevation  for  the  DD  and  CG 
and  the  quarterdeck  of  the  FF  and  FFG.  The  personnel  exit  door 
on  the  AD  is  at  22  feet  above  the  waterline. 

7.2.8  Trash  System 

Four  trash  wells  are  provided  on  the  main  deck  so  trash  may  be 
disposed  of  by  dropping  it  into  dumpsters  located  on  the  lower 
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deck.  Two  dumpsters  of  size  8  ft.  by  8  ft.  by  12  ft.  are  provided 
under  each  trash  well.  In  the  present  concept  the  dumpsters 
need  to  be  specially  built  with  wheels  for  the  floating  pier.  It 
is  envisioned  that  the  dumpsters  will  be  rolled  into  a  traffic  lane 
and  joined  together  so  that  a  vehicle  can  tow  them  off  the  pier 
for  emptying  by  a  conventional  garbage  truck.  This  unloading 
sequence  is  not  as  convenient  as  the  conventional  system. 
However,  considerable  advantage  is  realized  in  keeping  the 
dumpsters  off  the  main  deck.  A  more  sophisticated  trash  system 
can  be  envisioned  where  typical  Navy  dumpsters  are  located  on 
a  platform  just  under  the  main  level  deck.  The  platform  is 
supported  by  hydraulic  jacks  that  raise  the  dumpsters  to  the 
main  deck  level  for  emptying  by  a  conventional  garbage  truck. 

7.2.9  Stair  and  Cargo  Wells 

Four  relatively  large  openings  of  size  12  ft.  by  21  ft.  are  provided 
on  the  main  deck  to  allow  for  stairs  and  an  open  area  for  cargo 
transfer.  The  clear  opening  for  transferring  material  and 
equipment  from  the  lower  to  the  main  deck  is  12  ft.  by  15  ft. 
This  opening  also  provides  a  trash  well  for  contractors.  Typ¬ 
ically  contractors  have  large  dumpsters  of  the  size  8  ft.  by  8  ft. 
by  20  ft.  which  occupy  a  considerable  amount  of  deck  space. 

7.2.10  Workshops,  Storage  Rooms,  and  Classrooms 

Space  is  available  in  the  center  bay  of  the  lower  deck  for 
enclosing  rooms  for  various  purposes.  On  some  piers,  classrooms 
may  be  highly  desirable  for  training  purposes.  On  other  piers, 
workshops  or  secure  storage  areas  may  be  preferred.  These 
rooms  can  be  inexpensively  built  because  only  walls  are  required. 
The  major  construction  items,  the  floor  and  the  roof,  already 
exist. 

7.2.11  Ramps 

A  ramp  system  is  provided  with  a  20-foot  wide  roadway  to  the 
main  deck  for  the  large  load  handling  equipment  and  trucks. 
Smaller  ramps  having  a  width  of  15  ft.  are  provided  as  access  to 
the  lower  decks.  The  ramp  arrangement  was  designed  to  have  a 
maximum  slope  of  1  to  10  for  the  extreme  high  and  low  water 
levels.  To  accommodate  the  grade  limitations,  an  elevated 
roadway  on  the  shore  side  was  required  with  a  maximum 
elevation  of  12  ft.  above  ground  level.  This  elevated  road 
provides  a  cellular  abutment  room  for  the  utility  pipes  to 
connect  to  the  underground  pipes. 

The  ramps  are  pinned  at  the  shore-side  end  and  slide  on  the  pier 
end.  A  horizontal  sliding  surface  of  3  feet  longitudinal 
movement  is  provided  on  the  pier  end  to  accommodate  extreme 
displacement.  The  ramps  have  through-girders  with  an  open-rib 
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ortho  tropic  deck.  It  is  important  that  the  ramps  do  not  fall  off 
the  pier  because  of  their  critical  function.  The  pier  may  survive 
a  major  earthquake  but  it  can  function  only  if  the  ramps  are  not 
disabled.  At  certain  harbors,  for  example  San  Diego,  shore  side 
space  is  not  available  for  an  elevated  approach  roadway.  In  this 
case,  an  alternate  design  would  provide  longer  ramps  so  that 
tidal  variations  do  not  produce  excessive  grades. 
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8.  CONSTRUCTION  METHODS 


Three  basic  construction  methods  have  been  considered  for  building  the 
floating  pier:  on-land  construction,  which  includes  using  a  flood  basin,  graving 
basin,  dry  dock,  or  launch  ways;  barge-mounted  construction,  which  includes 
building  pier  sections  on  a  barge;  and  the  novel  floating  form  method  which 
has  the  pier  built  while  afloat. 

The  following  discussion  on  each  of  the  construction  methods  envisages  the 
situation  wherein  an  existing  pier  is  replaced.  For  this  situation,  as  much 
construction  work  as  possible  would  be  conducted  at  an  off-site  location.  The 
floating  pier  concept  is  not  limited  to  this  scenario,  and  much  in  this 

discussion  would  also  apply  in  building  a  new  pier  at  its  fined  site. 

8.1  Flood  Basin  Construction  Method 

Drawing  12  shows  the  construction  sequence  for  the  flood  basin  construc¬ 
tion  method.  An  on-land  site  needs  to  be  excavated  so  the  base  of  the 

site  is  below  sea  level  by  about  13  ft.  A  temporary  dyke  is  constructed 

to  keep  the  water  out.  In  the  dry  flood  basin,  normal  construction 
operations  and  equipment  are  used  to  build  the  pier  units.  Depending  on 
the  size  of  the  on-land  site,  either  two  600-ft.  pier  units  or  three  400- 
ft.  long  pier  units  would  be  built.  The  pontoon  and  main  deck  structure 
would  be  built  using  a  precast  concrete  construction  approach,  similar  to 
that  used  for  the  Hood  Canal  Bridge  and  the  floating  container  terminal 
for  Valdez.  As  much  construction  as  possible  would  be  completed  in  the 
flood  basin;  this  includes  completely  outfitting  the  pier  with  the  utility 
systems.  At  this  stage,  water  is  allowed  into  the  flood  basin  to  float  the 
pier  units.  The  dyke  is  then  removed  and  the  pier  towed  to  its  final  site. 
At  the  final  site  the  first  pier  unit  is  positioned,  moored  on  location,  and 
installed  by  driving  piles.  The  second  pier  unit  would  be  aligned  with  the 
first  unit,  joined  together  rigidly  with  the  post-tensioning  tendons  and 
then  installed  by  driving  piles.  The  utility  systems  would  be  connected 
between  the  pier  units  and  to  shore.  Minor  construction  items  would 
complete  the  pier. 

8.2  Barge  Mounted  Construction 

For  the  barge-mounted  construction  approach,  shown  in  Drawing  13,  four 
pier  units,  each  300  ft.  in  length,  are  required.  The  length  is  dictated  by 
the  availability  of  construction  barges.  Numerous  barges  of  size  100  ft. 
by  400  ft.  are  available  whereas  larger  barges  are  few  in  number.  One 
pontoon  section  at  a  time  is  built  on  the  barge.  More  barges  could  be 
used  to  speed  construction  time.  The  barges  are  relatively  expensive  at 
rental  rates  of  85,000  to  86,000  per  day  and  should  be  released  as  soon 
as  possible  to  minimize  cost.  The  pontoon  sections  are  floated  off  the 
barges  after  the  barges  are  submerged,  and  then  towed  to  a  location  for 
deck  construction.  This  location  would  probably  be  a  commercial  pier. 
The  concrete  work  is  completed  and  the  utility  systems  installed.  The 
pier  units  would  be  towed  to  the  final  construction  site.  The  first  unit 
is  positioned  and  installed  by  driving  piles.  The  second  unit  is  joined  to 
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the  first  unit  by  post-tensioning  tendons  and  installed.  The  third  and 
fourth  unit  are  installed  in  a  similar  manner.  The  utility  systems  are 
connected  between  the  different  pier  units  and  to  shore.  Minor 
construction  items  complete  the  pier. 

8.3  Floating  Form  Construction 

The  concept  of  floating  form  construction  is  to  allow  a  pier  unit  to  be 
supported  by  the  water  environment  while  incremental  segments  are  built 
and  added  to  the  pier.  This  construction  approach  is  similar  to  that  of 
incremental  cast-in-place  contraction  for  cantilever  box  girder  bridges. 
For  the  bridges,  a  form  is  moved  forward  in  incremental  steps  of  typically 
20  ft.  and  the  box-girder  post-tensioned  after  every  step.  On  water,  the 
construction  approach  is  simplified  because  gravity  forces  are  supported 
by  the  water.  To  execute  the  floating  concept,  a  form  is  required  that 
will  float  at  the  same  elevation  as  the  pier  and  provide  a  dry  construction 
well  for  building  new  segments.  This  type  form  is  essentially  a  dry  dock 
with  wing  walls  on  three  sides;  the  fourth  side  has  the  pier  extending  out 
into  the  water. 

A  sketch  of  the  floating  form  is  shown  in  Drawing  14.  Its  overall 
dimensions  are  140  ft.  x  115  ft.  x  30  ft.  The  front  half  of  the  form  is  the 
construction  platform  and  has  wing  walls  on  three  sides.  The  construction 
well  area  is  sufficiently  large  to  build  a  40-ft.  long  pier  segment.  The 
back  half  of  the  form  is  provided  to  clamp  the  form  onto  the  pier  at  two 
bulkhead  locations.  The  clamping  action  is  from  flat  jacks  in  both 
vertical  and  horizontal  directions.  The  force  of  the  clamps  must  be 
sufficient  to  prevent  any  relative  movement  between  the  form  and  the 
floating  pier.  Loads  which  may  cause  relative  movement  are  from  small 
waves  of  passing  ships,  swell  within  the  harbor,  hydrostatic  pressure 
across  the  front  end  of  the  form,  and  the  added  weight  of  newly  cast 
concrete.  These  forces  are  not  overly  large  and  can  easily  be  designed 
for.  A  third  clamping  location  is  provided  just  behind  the  construction 
well.  The  concrete  at  this  location  has  not  developed  full  strength  nor 
is  a  bulkhead  available,  so  clamping  forces  are  appropriately  reduced. 

A  watertight  seal  must  be  made  between  the  form  and  the  pier.  Several 
methods  are  possible.  For  example,  a  sliding  wall  with  neoprene  gasket 
material  at  the  interface  is  jacked  against  the  concrete.  Another  method 
is  the  use  of  inflatable  elastomeric  gaskets,  or  elastomeric  flaps,  called 
"J”  seals.  Two  gaskets  or  seals,  spaced  about  1  ft.  apart,  would  be  used 
as  backups.  Water  leaking  past  the  first  seal  would  be  stopped  at  the 
second  seal  and  then  pumped  out. 

The  floating  form  is  provided  with  ballast  chambers  so  that  weight 
changes  can  be  compensated.  In  particular,  after  concrete  has  been 
placed  for  a  new  pier  segment,  the  added  weight  needs  to  be  countered 
by  pumping  some  water  out  of  ballast  chambers.  Before  the  clamps  are 
released,  the  form  is  ballasted  to  an  elevation  equal  to  that  of  the 
floating  pier. 
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The  construction  sequence,  shown  in  Drawing  14,  consists  of  building  the 
first  pier  segment  in  the  construction  well,  and  then  moving  this  segment 
back  by  jacking  against  the  front  of  the  form  to  make  room  for  the 
second  pier  segment. 

The  first  segment  requires  an  extra  jacking  step  because  a  temporary 
bulkhead  wall  is  required  to  keep  seawater  out  of  the  construction  well. 
This  segment  is  initially  jacked  to  the  temporary  bulkhead.  The 
watertight  seal  system  is  installed.  Then  the  bulkhead  is  removed  and  the 
segment  jacked  farther  away  from  the  construction  well.  The  clamps  are 
used  to  hold  the  first  segment  tight  within  the  floating  form. 

The  second  pier  segment  is  then  cast  against  the  first.  These  two 
segments  are  jacked  backwards  so  that  a  third  segment  can  be  cast  and 
the  cycle  is  repeated.  When  segment  one  extends  beyond  the  end  of  the 
floating  form,  the  pier  is  anchored  by  piles  or  mooring  chain,  and  the 
form  is  moved  forward  from  that  stage  inward. 

The  sequence  of  construction  for  building  a  segment  is  as  follows:  On  day 
one,  prefabricated  reinforcing  mats  for  the  bottom  slab  are  laid  out  and 
tied  together.  On  the  same  day,  concrete  is  cast  and  allowed  to  cure 
overnight.  On  days  two  and  three,  prefabricated  reinforcing  mats  for  the 
longitudinal  walls  are  set  in  place.  The  forms  for  the  walls  and  roof  deck 
are  then  slipped  forward  from  the  previous  segment.  Precast  concrete 
bulkhead  walls  and  wet  well  section  are  then  placed  between  the  previous 
segment  and  new  segment.  Prefabricated  reinforcing  mats  for  the  roof 
slab  are  laid  out  and  additional  reinforced  steel  is  installed  to  tie  the 
walls  and  roof  together.  On  day  four,  concrete  is  cast  for  the  walls  and 
the  roof  and  allowed  to  cure.  On  day  six,  sufficient  concrete  strength  has 
developed  to  permit  post-tensioning. 

This  construction  sequence  produces  one  40-ft.  pier  segment  at  the  rate 
of  one  segment  per  week.  At  this  rate,  a  1200-ft.  long  pier  can  be  built 
in  some  30  weeks.  Allowing  for  start-up  time  and  occasional  problems, 
the  total  construction  time  would  be  about  36  weeks,  or  nine  months. 

The  floating  form  construction  approach  is  adaptable  to  on-site  as  well  as 
off-site  construction.  On-site  construction  consists  of  building  the 
floating  pier  at  its  final  location.  Construction  starts  at  the  shore  end 
and  continues  for  the  total  1200  ft.  span.  Shortly  behind  the  floating 
form,  the  main  deck  is  constructed.  Once  sufficient  deck  has  been 
fabricated,  installation  of  the  utility  systems  can  begin.  By  the  time  the 
floating  form  is  finished,  completion  of  the  rest  of  the  structure  is  not 
far  behind. 

8.4  Construction  Time  Periods 

Table  3  shows  a  comparison  of  the  time  periods  for  construction  of  a 
fixed  pier  to  that  of  a  floating  pier.  The  fixed  pier,  built  with 
conventional  methods,  consists  of  precast,  prestressed  concrete  piles  and 
cast-in-place  pile  caps  and  deck  slab.  Three  construction  methods  have 
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been  considered  for  the  floating  pier  —  flood  basin,  barge  mounted,  and 
floating  form  method  —  and  each  has  its  own  construction  time  frame. 

The  time  scale  is  set  to  represent  the  total  scenario,  including  the 
replacement  of  an  existing  pier  with  a  new  pier.  Adjustment  can  easily 
be  made  for  the  case  of  building  a  pier  at  a  new  site.  Time  zero  is  when 
the  existing  pier  is  taken  out  of  operation.  For  the  fixed  pier, 
construction  cannot  begin  until  the  existing  pier  is  demolished.  However, 
for  the  floating  pier,  the  demolition  work  can  be  preceded  by  some  nine 
months  of  construction  work  on  the  new  pier  itself.  After  the  new  pier 
is  constructed,  it  will  take  approximately  6  months  after  the  existing  pier 
is  taken  out  of  operation  for  the  new  pier  to  be  installed  and  in  operation. 
The  barge-mounted  method  would  take  longer  than  6  months  to  place  the 
pier  back  in  operation  because  of  the  additional  number  of  joints  that  are 
required  for  the  smaller  length  pier  units.  The  rapid  turn-around  time  in 
placing  the  pier  back  in  operation  is  contrasted  to  that  of  the  fixed  pier 
which  requires  18  months.  A  savings  of  12  months  is  realized  by  using  the 
floating  pier  concept. 

It  is  interesting  to  note  that  there  appears  to  be  little  difference  in 
construction  time  between  the  various  construction  methods  proposed  for 
the  floating  pier.  From  a  construction  standpoint,  the  important 
consideration  is  the  availability  of  either  a  flood  basin,  submersible  barge, 
or  a  floating  form.  If  a  flood  basin  is  not  available,  the  time  for  the 
construction  of  a  flood  basin,  which  would  include  getting  permits  and 
environmental  impact  reports,  must  be  added  to  the  total  construction 
schedule.  The  availability  of  barges  and  their  day-rate  cost  is  the  major 
consideration  for  the  barge  mounted  method.  There  are  additional 
limitations  to  the  barge  mounted  method,  as  was  mentioned  earlier,  that 
would  make  it  the  least  desirable  of  the  three  methods.  A  floating  form 
is  now  in  the  conceptual  stage.  It  appears  that  the  lead-time  would 
perhaps  equal  the  time  required  to  build  a  new  flood  basin.  All  things 
being  equal,  the  choice  appears  to  be  for  the  floating  form  approach 
rather  than  the  flood  basin  approach,  principally  because  there  is  a  serious 
shortage  of  space  around  harbors  to  build  flood  basins.  The  floating  form 
is  also  transportable  and  can  be  relocated  to  different  harbor  sites  where 
it  is  needed. 

As  mentioned  before,  Table  3  can  also  be  used  to  obtain  construction 
times  for  the  scenario  of  building  a  pier  at  a  new  site  (not  replacing  an 
existing  pier).  Assuming  that  a  flood  basin  or  a  floating  form  is  presently 
available,  then  the  construction  time  for  these  approaches  is  on  the  order 
of  15  months.  The  barge  mounted  method  may  require  about  one 
additional  month.  The  conventional  method  for  a  fixed  pier  shows  about 
16  months;  however,  it  is  not  uncommon  for  conventional  construction 
time  periods  to  extend  up  to  24  months. 
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9.  COST  ANALYSIS 


9.1  Floating  Pier  Cost 

Table  4  shows  a  cost  breakdown  for  the  floating  pier.  Material  quantity 
take-offs  from  the  preliminary  pier  design  allowed  for  a  reasonably 
accurate  estimate  on  the  in-place  costs  of  the  concrete,  prestressed  steel, 
reinforcing  steel,  piles,  ramps  and  fenders.  The  cost  of  fabrication,  which 
represents  the  cost  of  the  floating  form,  flood  basin  or  barges  and  the 
cost  of  mobilization,  was  estimated  at  $2  million.  The  difference  in  cost 
between  the  individual  construction  methods  did  not  appear  significant 
enough  to  justify  itemized  fabrication  costs  for  each  construction  method. 
Cost  for  the  towing  and  connection  operation  was  estimated  at  $0.5 
million  for  a  pier  built  from  two  floating  units.  The  miscellaneous  cost 
estimate  of  $1.8  million  includes  such  items  as  the  shore-side  work  for 
ramp  structures  and  outfitting  the  pier  with  the  service  walk-way,  stairs, 
bollards  and  other  such  items.  The  estimated  total  structure  cost  was  $18 
million. 

This  report  does  not  cover  the  detailed  cost  analysis  of  the  utility 
systems.  From  past  experience,  however,  a  utility  system  in  the 
magnitude  of  the  one  proposed  would  run  somewhere  between  $8  million 
and  $10  million.  The  latter  amount  has  been  used  in  the  estimates.  The 
grand  total  estimated  cost  for  the  pier  was  therefore  $28  million. 

9.2  Cost  Comparison 

The  cost  of  the  floating  pier  structure  has  been  compared  to  that  of  a 
fixed  pier  structure.  The  unit  costs  for  the  floating  pier  are  shown  in 
Table  5.  Three  different  unit  cost  figures  have  been  derived.  The  first 
is  the  total  cost  of  the  structure  divided  by  the  total  cubic  yards  of 
concrete.  The  resulting  in-place  unit  cost  for  the  concrete  was  $1,080 
per  cubic  yard.  The  next  two  items  dealt  with  the  square  footage  costs. 
If  the  floating  pier  was  considered  as  only  having  a  75— ft.  width  over  the 
length  of  1200  ft.  then  the  unit  cost  would  be  $200  per  ft.2;  however,  if 
the  width  of  both  decks  was  used,  then  the  cost  would  be  divided  by  the 
width  of  140  ft.  and  length  of  1200  ft.  for  a  unit  cost  of  $107  per  ftA 

These  costs  can  be  compared  to  those  of  the  Hood  Canal  floating  bridge, 
which  is  similar  to  the  |  roposed  pier,  and  to  those  of  conventional  fixed 
pier  structures.  For  the  Hood  Canal  bridge,  the  total  low  bid  cost  for  a 
causeway  section  was  $60  million.  This  cost  included  9  pontoon  sections 
and  three  specialty  pontoon  sections,  and  mobilization  and  anchorage 
costs.  Other  included  costs,  which  were  removed  from  the  total,  are: 
electrical  work  at  $1  million,  and  removal  of  old  pontoon  sections  at  $2 
million.  The  average  cost  per  pier  unit  amounted  to  $4.75  million.  Each 
of  the  normal  pontoon  sections  contained  a  total  of  4,010  cubic  yards  of 
concrete.  The  resulting  in-place  unit  cost  of  concrete  was  $1,180  per 
cubic  yard.  The  higher  unit  cost  for  the  Hood  Canal  Bridge  is  probably 
due  to  the  more  sophisticated  mooring  system  (a  mooring  line  tension 
adjustment  system)  than  that  of  the  floating  pier.  Otherwise,  the  costs 
are  comparable. 
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The  unit  cost  of  conventional  fixed  pier  structures  is  usually  stated  on  a 
square  foot  basis.  Today's  costs  range  from  $1C  0  to  $120  per  ft.2.  The 
higher  cost  is  generally  related  to  areas  of  poorer  soil  conditions.  These 
estimates  are  substantiated  by  a  recent  report  (Ref.  7)  conducted  for  the 
Los  Angeles  Harbor  Department  which  was  completed  in  April  198L  This 
report  stated  that  the  cost  for  wharf  type  facilities  was  $100  per  ft.2 
(adjusted  to  1982  dollars). 

For  comparison  purposes  for  this  report,  a  unit  cost  of  $105  per  ft.2  was 
considered  an  appropriate  estimate  for  a  finger  pier.  The  floating  pier  at 
its  full  140-ft.  width  has  a  unit  cost  of  $107  per  ft.2,  which  was 
comparable  to  that  of  the  fixed  pier.  However,  at  this  stage  in  pier 
development  it  is  unlikely  that  a  fixed  pier  would  be  built  at  a  140-ft. 
width.  The  question  arises  as  to  determining  the  width  of  a  fixed  pier 
that  would  be  comparable  to  the  floating  pier.  Pier  2  in  San  Diego  has 
a  width  of  120  ft.  and  represents  the  current  state  of  the  art  for  Navy 
piers;  hence,  this  width  was  selected  for  comparison  purposes. 

The  total  cost  of  a  fixed  pier  at  120— ft.  wide  by  1250  ft.  long  (the  floating 
pier  with  ramp  is  1250  ft.  long)  and  at  a  unit  cost  of  $105  per  ft.2  is  $15.75 
million.  This  is  the  cost  most  comparable  to  that  of  the  floating  pier  at 
$18  million.  The  floating  pier,  therefore,  costs  about  14%  more  than  a 
fixed  pier. 

If  first  cost  is  the  only  criterion,  then  the  choice  would  be  for  the  fixed 
pier.  However,  the  floating  pier  has  certain  features  that  make  its  life 
cycle  costs  less  than  'hose  of  a  fixed  pier. 

9.3  Life  Cycle  Considerations 

Table  6  shows  life  cycle  considerations  for  both  the  fixed  and  the  floating 
pier  for  a  design  life  of  40  years.  For  the  concrete  structure  itself,  there 
should  be  practically  no  maintenance  or  replacement  costs  for  either  type 
structure. 

The  piles  for  a  fixed  pier  would  be  precast  prestressed  concrete  which 
should  not  require  any  maintenance  or  repair,  except  in  case  of  accidents. 
Piles  for  the  floating  pier  are  steel,  and  will  require  maintenance. 
However,  with  a  proper  corrosion  protection  system  for  the  piles,  a  40- 
year  life  could  be  assumed.  A  common  system  is  by  cathodic  protection 
for  below  water,  and  by  fused  epoxy  coating  for  the  splash  zone.  One- 
quarter  inch  of  sacrifical  thickness  is  also  provided  as  a  safety  factor. 
Replacement  due  to  accidental  conditions  has  a  lower  probability  for  the 
floating  pier  because  the  location  of  the  piles  is  along  the  center  line  of 
the  pier.  There  is  less  chance  for  collision  of  ships  or  impact  from  a 
dredge  cutter  head.  If  damage  does  occur  to  the  steel  piles,  they  can  be 
easily  replaced.  Openings  are  provided  on  the  main  deck  for  removal  and 
installation  of  piles  in  the  future.  This  would  not  be  the  case  for  the 
fixed  pier  structure.  All  in  all,  one  would  surmise  that  savings  will  result 
from  the  pile  system  used  on  the  floating  pier. 
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The  ramps  on  the  floating  pier  will  require  maintenance  but  should  not 
require  replacement.  The  cost  for  the  maintenance  is  assumed  to  equal 
the  savings  from  the  pile  system. 

Fenders  for  the  fixed  pier  are  assumed  to  be  wooden  fender  piles  and  log 
camels.  This  type  of  fendering  system  definitely  requires  maintenance 
and  replacement  during  the  life  of  the  structure.  Maintenance  is 
constant,  from  small  damage  to  major  replacement  from  collision  of 
ships.  Depending  upon  the  harbor  location,  wood  boring  mollusks  can 
destroy  wood  fender  piles  within  7  to  10  years.  However,  field  reports 
show  that  wooden  fenders  are  replaced  at  such  frequency  from  ship 
damage  as  to  eclipse  the  problems  due  to  mollusk  damage.  The  life 
expectancy  for  a  wooden  fendering  system  is  5  years.  Using  1982  dollars, 
the  replacement  cost  for  a  fendering  system  is  about  $200/linear  ft.  or 
$500,000.  The  prorated  yearly  cost  is  $100,000  per  year,  per  pier. 

The  cell  fender  system  for  the  floating  pier  is  a  relatively  new 
development.  The  fenders  have  been  used  in  the  field  for  only  15  years, 
and  during  this  time  period,  no  maintenance  has  been  reported  for  their 
use.  However,  they  can  be  damaged  by  berthing  ships.  Damage  occurs 
when  the  bow  of  a  ship  strikes  the  side  of  a  fender.  For  this  to  occur, 
the  ship  has  to  come  toward  the  pier  at  an  unusually  sharp  angle,  which 
is  possible  but  unlikely. 

The  cost  of  each  cell  fender  unit  is  on  the  order  of  $20,000.  The  spacing 
for  the  cell  units  on  the  floating  pier  is  closer  together  than  on 
conventional  piers,  so  the  probability  of  a  bow  striking  a  fender  cell  is 
reduced.  Assuming  the  damage  rate  is  such  that  one  cell  unit  per  year 
per  pier  has  to  be  replaced,  the  total  maintenance  cost  is  then  on  the 
order  of  $20,000  per  year  in  1982  dollars.  The  saving  is  $80,000  per  year 
compared  to  the  conventional  system.  Over  a  40-year  life,  about  $3.2 
million  (1982  dollars)  is  saved  by  using  the  cell-type  fenders.  This  item 
alone  appears  to  justify  the  higher  initial  cost  for  the  floating  pier 
structure. 

The  utility  systems  for  both  the  fixed  and  the  floating  pier  will  also 
require  maintenance  and  replacement.  The  difference  between  the  two 
piers  is  the  transition  from  pier  to  shore  for  the  utilities  on  the  floating 
pier.  The  flexible  connections  on  the  floating  pier  will  require  extra 
maintenance  and  periodic  replacement.  Assuming  that  the  flexible  hose 
connections  have  a  life  span  of  5  years,  and  that  the  replacement  cost  is 
in  the  order  of  $50,000,  the  total  replacement  cost  during  the  life  of  the 
structure  is  in  the  order  of  $400,000.  This  added  cost  should  be  offset 
by  the  savings  from  the  use  of  a  modern  fendering  system. 

In  summary,  the  floating  pier  is  more  economical  than  that  of  the  fixed 
pier  from  a  life-cycle  standpoint.  The  higher  first  cost  of  $2.25  million 
and  the  added  costs  of  $0.4  million  for  utility  system  maintenance  is 
offset  by  the  $3.2  million  savings  in  fendering  system  costs.  An 
additional  savings  for  floating  pier  results  from  the  rapid  turn-around 
time  for  replacing  an  existing  pier.  The  value  of  having  an  operational 
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floating  pier  12  months  sooner  than  that  of  a  fixed  pier  is  difficult  to 
define,  u  the  Navy  were  to  rent  a  comparable  pier,  which  it  cannot,  the 
value  would  be  approximately  $100,000  per  month  or  $1.2  million  per 
year.  In  addition,  during  the  12  month  period,  four  ships  every  three 
months,  can  be  berthed  for  maintenance  and  refitting  of  equipment. 
Without  the  pier,  these  ships  would  remain  in  less  than  optimum  operating 
conditions  of  military  readiness. 


10.  FUTURE  PIER  STUDIES 


The  following  are  considered  problem  areas  that  require  further  developmental 
work  during  the  design  phase  of  the  pier.  They  could  possibly  be  resolved 
ahead  of  time  and  therefore  make  the  floating  pier  concept  more  attractive 
to  potential  users. 

10.1  Dynamic  Behavior  of  Pier 

The  dynamic  behavior  of  the  floating  pier  needs  to  be  studied  for  both 
normal  and  extreme  environmental  loading  conditions.  Operating  condi¬ 
tions  may  be  affected  by  the  motion  of  the  pier  and  inhibit  certain 
functions;  for  example,  truck  cranes  making  heavy  lifts  to  and  from  ships 
could  experience  excessive  loads  if  the  pier  moved  in  response  to  waves 
in  such  a  manner  that  the  load  was  increased  by  an  apparent  added  mass 
factor.  The  response  of  the  pier  to  normal  wave  environments  should  be 
determined  by  analysis  and  model  studies. 

The  response  of  the  pier  to  extreme  wave  conditions  from  storm 
environments  needs  to  be  analyzed.  Resonance  created  by  certain  wave 
environments  should  be  determined,  and  the  structural  consequences 
evaluated.  The  damping  effect  of  the  long,  torsionally  stiff  pier,  with  and 
without  ships  berthed,  also  needs  to  be  determined. 

Likewise,  the  response  of  the  pier  to  berthing  of  ships  must  be  better 
understood,  e.g.,  the  absorption  of  energy  from  a  berthing  ship  by  the 
piles  and  by  water  displacement. 

Another  topic  is  related  to  the  dynamic  behavior  of  the  pier  subjected  to 
seismic  loading  conditions.  Studies  of  simulated  earthquake  conditions 
should  be  made  on  a  model  to  determine  the  behavior  of  the  long  narrow 
structure  for  the  various  types  of  anchoring  systems. 

10.2  Anchoring  Systems 

The  different  type  anchoring  systems  need  to  be  analyzed  for  different 
type  soil  conditions.  Batter  piles  will  be  appropriate  only  for  certain 
types  of  soils  because  of  the  uplift  requirements.  There  will  be  certain 
cut-off  depths  for  which  both  vertical  and  batter  piles  become  too  long 
and  therefore  uneconomical.  The  trade-offs  between  the  pile  and  soil 
conditions  need  to  be  analyzed  to  find  the  optimum  conditions  for  each 
pile  system.  The  dynamic  response  of  the  pier  will  be  influenced  by  the 
anchoring  system. 

10.3  Pier  to  Shore  Transition 


The  utility  pipe  transition  from  pier  to  shore  needs  to  be  studied  to 
determine  the  necessary  hardware  systems  for  the  task.  The  magnitude 
of  movement  of  the  pier  will  be  determined  from  the  dynamic  analysis 
study.  These  data  are  critical  to  the  design  of  the  flexible  connection 
systems. 
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10.4  Floating  Form  Construction  System 

The  floating  form  construction  system  needs  to  be  advanced  another 
stage,  to  the  point  where  a  decision  can  be  made  on  whether  to  proceed 
with  this  alternative  construction  method.  The  advantages  that  can 
accrue  from  this  construction  approach  appear  to  justify  its  full 
development.  It  will  greatly  enhance  the  capability  of  the  Navy  to  carry 
out  rapid  construction  at  advance  bases,  and  at  harbors  where  on-land 
construction  sites  are  not  readily  available. 
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11.  SHIP  MODIFICATIONS 

At  present,  piers  are  designed  to  accommodate  ships  with  little  attention 
given  during  the  ship  design  process  to  pier  facilities  or  functions.  The 
purpose  of  this  section  is  to  have  pier  designers  propose  ship  design 
modifications  so  that  an  improved  interface  between  ships  and  piers  can 
result. 

11.1  Navy  Ships  Without  Protrusions 

The  sides  of  Naval  ships  above  the  waterline  should  be  kept  clear  of 
protrusions.  This  modification  would  permit  several  types  of  modem 
fendering  systems  to  be  used  on  Navy  piers.  Wooden  fendering  systems 
would  become  obsolete  and  a  major  maintenance  problem  solved. 

11.2  Lower  Elevation  for  Electrical  Connections 

Electrical  connections  on  the  ships  should  be  located  on  a  lower  deck 
elevation.  This  action  will  assist  in  minimizing  the  length  of  electrical 
cable  running  from  the  pier  to  the  ship.  Extra  cable  length  imposes 
handling  difficulties  and  power  loss  from  resistance  through  long  cables. 

11.3  High  Voltages 

The  ships  should  be  designed  to  accommodate  higher  line  voltages  from 
the  pier.  The  present  power  requirement  of  about  6000  amps  at  480  volts 
for  certain  combatant  ships  justifies  higher  line  voltages  to  reduce  power 
costs.  Safety  is  a  separate  question;  however,  aircraft  carriers  presently 
receive  4160  volts. 

11.4  One  Location  for  Utility  Hook-Up 

All  utility  hook-ups  should  be  made  at  one  location,  preferably  at  the  bow 
or  stern.  This  action  would  considerably  simplify  service  operation  by 
reducing  the  number  of  utility  outlet  locations  on  the  pier. 

11.5  Side  Hatches 


General  stores  could  be  loaded  onto  the  ships  easily  in  containerized 
packages  that  are  pushed  into  side  hatches  on  the  ships.  Because  the 
floating  pier  remains  at  the  same  elevation  as  the  ship,  side  hatches  could 
be  located  to  receive  material  from  the  lower  deck. 
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12.  SUMMARY 


The  floating  pier  has  a  number  of  important  advantages  which  make  the 
concept  highly  attractive  as  an  alternative  structural  system  to  that  of  fixed 
piers.  The  pier  will  improve  services  to  Navy  ships  because  the  pier  floats 
with  the  ships  during  tidal  variations.  This  allows  for  a  double  deck 
configuration,  and  improved  operation  where  main  deck  elevation  is  more  in 
alignment  with  ship  deck  elevation.  The  floating  pier  also  permits  the 
replacement  of  the  wooden  fendering  systems  with  modern,  low  maintenance 
systems. 

The  floating  pier  is  of  significant  merit  when  used  in  replacing  an  existing 
deteriorated  pier.  The  new  floating  pier  is  built  off-site  and  outfitted  with 
utilities  before  the  existing  pier  is  demolished.  Once  the  existing  pier  is  taken 
out  of  operation,  the  floating  pier  is  quickly  installed  and  in  operation  within 
six  months.  This  procedure  is  compared  to  that  for  a  fixed  pier  which  requires 
18  months  construction  time.  Using  the  floating  pier  approach,  the  shore 
establishment  has  an  operational  pier  12  months  sooner  than  a  fixed  pier. 

First  cost  for  a  floating  pier  structure  is  about  14%  higher  than  that  for  a 
fixed  pier.  However,  after  life-cycle  costs  are  considered,  in  particular  the 
saving  from  eliminating  the  wooden  fender  pile  system,  the  floating  pier 
shows  an  economic  advantage. 

An  innovative  development  from  the  floating  pier  concept  was  a  floating 
construction  concept.  This  development  allows  construction  within  harbors 
which  lack  on-land  facilities,  such  as  flood  basins  or  graving  docks. 
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TABLE  1 


SUMMARY  OF  SHIP  CLASSES 


SHIP  CLASS 

OVERALL 

LENGTH 

(FT) 

MAX. 

BEAM 

(FT) 

MAX. 

DRAFT 

(FT) 

DISPLACE¬ 

MENT 

(TONS) 

CG-47,  GUIDED 

MISSILE  CRUISER 

563 

55 

31 

9,200 

D-963,  DESTROYER 

563 

55 

29 

7,800 

FF-1052,  FAST  FRIGATE 

440 

47 

25 

4400 

FFG-7,  GUIDED  MISSILE 
FAST  FRIGATE 

445 

47 

24 

3,700 

AD-41,  DESTROYER 
TENDER 

643 

85 

26.5 

22,800 

3 


TABLE  2 


SUMMARY  OP  UTILITY  OUTLETS 


MAX.  DISTANCE  TO 

AN  OUTLET  (FT) 

NUMBER  OF  OUTLET 
LOCATIONS  FOR: 

UTILITY 

ITEM 

COMBATANT 

SHIPS 

DESTROYER 
TENDER,  AD 

TAILORED  LAY¬ 
OUT,  THIS 
REPORT 

CONVEN¬ 

TIONAL 

LAYOUT® 

ELECTRICAL 

80 

200 

4 

4 

TELEPHONE 

80 

20 

4 

4 

STEAM 

20 

10 

16 

14 

POTABLE 

WATER 

20 

40 

22 

14 

SALT  WATER 

25 

50 

22b 

14b 

SEWAGE 

30 

40 

18 

14 

FUEL  OIL 

25 

70 

14 

14 

OILY  WASTE 

25 

40 

18 

14 

COM  PR.  AIR 

25 

50 

14 

14 

a  MAX.  DISTANCE  TO  AN  OUTLET  FOR  CONVENTIONAL  LAYOUT  IS  75  FT., 
EXCEPT  FOR  ELECTRICAL  WHICH  IS  ON  THE  ORDER  OF  200  FT. 

b  DOES  NOT  INCLUDE  OUTLET  VALUES  FOR  FIRE  BOATS. 
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TABLE  4 


FLOATING  PIER  COST  ESTIMATE 


ITEM 

QUANTITY 

UNIT  PRICE 

COST  ($M.) 

CONCRETE 

16,600  C.Y. 

$  400/C.  Y. 

$  6.64 

PRESTRESS  -  STEEL 

1,535,900  lb 

$  1.50/lb 

$  2.30 

REBAR  -  STEEL 

1,220,000  lb 

$  0.50/lb 

$  0.61 

PILES 

2,911,600  lb 

$  0.75/lb 

$  2.18 

RAMPS 

340,000  lb 

$  2.00/lb 

$  0.68 

FENDERS 

188  CELLS 

$  6,500/CELL 

$  1.22 

FABRICATION  METHOD 

FLOATING  FORM, 
FLOOD  BASIN,  OR 
BARGES 

$  2.00 

TOW  AND  CONNECTION 

$  0.50 

MISC.  10% 

$  1.80 

ESTIMATED  TOTAL  STRUCTURE  COST  =  $  17.93 

SAY  =  $  18.00 

ESTIMATED  UTILITY  COST  $  10.00 

$  28.00 


GRAND  TOTAL  PIER  COST 


(ESTIMATED  COST  OF  STRUCTURE  =  $18.0  MILLION) 


ITEM 

QUANTITY 

IN-PLACE 

CONCRETE 

16,600  C.Y. 

ASSUMED  SINGLE  75'  x  1200 
DECK  WIDTH 


UNIT  COST 
$  1,080/C.Y. 

$  200/FT2 


DOUBLE  DECK 
WIDTH 


<75*  +  65')  x  1200* 


$  107/FT2 


FIG.  3  CROSS-SECTION  OF  SECOND  LAKE  WASHINGTON  FLOATING  BRIDGE 


FIG.  4  SEGMENT  OF  ORIGINAL  HOOD  CANAL  FLOATING  BRIDGE  BUILT 
IN  1957 


:ross-section  of  new  hood  canal  floating  bridge  being 

IUILT  IN  1982 


FIG.  6  NEW  HOOD  CANAL  FLOATING  BRIDGE  PONTOONS  BEING  CONSTRUCTED 
IN  FLOOD  BASIN 


FIG.  7  PRECAST  CHANNEL-SHAPED  EXTERIOR  WALL  OF  NEW  HOOD 
CANAL  FLOATING  BRIDGE  PONTOON 


FIG.  9  RENDERING  OF  FLOATING  CONTAINER  TERMINAL  FOR  PORT  OF 
VALDEZ,  ALASKA 
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FIG.  11  SUMMARY  OF  WIND  LOADING 
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FIG.  13  SUMMARY  OF  WIND  AND  CURRENT  LOADING  COMBINED 


FIG.  14  PROTRUSIONS  FROM  THE  HULL  OF  A  DD  963 


PROPELLER  GUARD  PROTRUSION  FROM  THE  HULL  OF  A  DD  984 
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FIG.  16  SHIP  UTILITY  OUTLET  LOCATIONS 


fig.  17  SHIP  UTILITY  OUTLET  LOCATIONS 


FIG.  18  SHIP  UTILITY  OUTLET  LOCATIONS 
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FIG.  23  JUMBLE  OF  ELECTRICAL  CABLES  MIXED  WITH  OTHER  HOSES. 
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